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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method for a surface 
acoustic wave (SAW) apparatus in which deterioration of characteristics 
caused by unwanted ripple is suppressed by sufficiently enlarging the 
reflection coefficient of an IDT in the SAW apparatus equipped with a 
structure formed with an insulating layer to cover an IDT electrode. 



SOLUTION: In the SAW apparatus, a first insulating layer 2 is formed on 
the entire surface of a piezoelectric LiTa03 substrate. By using a 
resist pattern 3 used for forming the IDT electrode, the first 
insulating layer 2 in which the IDT electrode is to be formed is 
removed. An electrode film made of a metal having a density higher than 
Al or of an alloy primarily including such a metal is disposed in the 
area in which the first insulating layer is removed so as to form an IDT 
electrode 4A. The resist pattern remaining on the first insulating layer 
is removed. A second insulating layer 6 is formed to cover the first 
insulating layer 2 and the IDT electrode 4A. 
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CLAIMS 



[Claira(s) ] 
[Claim 1] 

The piezoelectric substrate with which an electromechanical coupling 
coefficient consists of 15% or more of LiTa03 or LiNb03, 
At least one electrode which is formed on said piezoelectric substrate 
and consists of cascade screens which consist of an alloy which uses the 
large metal or this metal of a consistency as a principal component, and 
other metals rather than the alloy which uses the large metal or this 
metal of a consistency as a principal component rather than aluminum, or 
aluminum, 

The 1st insulating material layer which was in said electrode, 
abbreviation, etc. by carrying out in the remaining fields except the 
field in which said at least one electrode is formed, and was formed in 
thickness, 

It has the 2nd insulating material layer formed so that said electrode 

and the 1st insulating material layer might be covered, 

Surface acoustic wave equipment whose consistency of said electrode is 

1. 5 or more times of said 1st insulating material layer. 

[Claim 2] 

Piezoelectric substrate, 

At least one electrode formed on said piezoelectric substrate, 
The protection metal membrane which consists of the metal or alloy which 
excelled the metal or alloy which is formed on said electrode and 
constitutes an electrode in corrosion resistance, 

The 1st insulating material layer formed so that the thickness of the 
sum total of said electrode and protection metal membrane, abbreviation, 
etc. might be by carrying out in the remaining fields except the field 
in which said at least one electrode is formed and it might have 
thickness, 

Surface acoustic wave equipment equipped with the 2nd insulating 
material layer formed so that said protection metal membrane and the 1st 
insulating material layer might be covered. 
[Claim 3] 

Surface acoustic wave equipment according to claim 2 whose mean density 
of the whole laminated structure of said electrode and a protection 
metal membrane is 1. 5 or more times of the consistency of said 1st 
insulating material layer. 
[Claim 4] 

Surface acoustic wave equipment according to claim 1 to 3 with which the 



said 1st and 2nd insulating material layer is formed of Si02. 
[Claim 5] 

Surface acoustic wave equipment according to claim 1 to 4 which is 
surface acoustic wave equipment using reflection of a surface acoustic 
wave. 
[Claim 6] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 104 degrees - 140 degrees, 0**3 degrees). When wavelength 
of Hs and a surface acoustic wave is set to lambda, the sum total 
thickness of Si02 film which the said 1st and 2nd insulating material 
layer consists of Si02, and constitutes the 1st and 2nd insulating 
material layer Surface acoustic wave equipment according to claim 1 to 5 
made into the value with which standardization thickness H/lambda of an 
electrode fills the following formula (l) when Hs/lambda is made into 
the range of 0. 03-0. 45 and sets wavelength of H and a surface acoustic 
wave to lambda for the thickness of said electrode. 

0. 005 <= H/lambda <=0. 00025xrho2-0. 01056xrho+0. 16473 (however, rho mean 
density of an electrode) — Formula (l) 
[Claim 7] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 115 degrees - 148 degrees, 0**3 degrees), the said 1st 
and 2nd insulating material layer consists of Si02 film, and 
standardization thickness Hs/lambda of the sum total of Si02 film is in 
the range of 0. 03-0. 45, 

Surface acoustic wave equipment given in either of claims 1, 4-6 which 
has standardization thickness H/lambda in the range of 0. 013-0. 032 when 
a consistency 15000 - 23000 kg/m3 and Young's modulus 0.5x1011 - 
1.0x1011 N/m2, or transverse-wave acoustic velocity is the metal which 
is 1000 - 2000 m/s and a metal with a larger consistency than said 
aluminum sets wavelength of H and a surface acoustic wave to lambda for 
the thickness of said electrode. 
[Claim 8] 

Surface acoustic wave equipment according to claim 7 said whose metal is 
Au. 

[Claim 9] 

Surface acoustic wave equipment according to claim 7 or 8 which has the 
Eulerian angle of said LiTa03 substrate in the range of (0**3 degrees, 
132 degrees - 148 degrees, 0**3 degrees). 
[Claim 10] 

Surface acoustic wave equipment according to claim 7 or 8 which has 
theta of the Eulerian angle of said LiTa03 substrate in the range of 115 



degrees or more and less than 132 degrees. 
[Claim 11] 

Surface acoustic wave equipment according to claim 7 or 8 whose 
standardization thickness Hs/lambda of Si02 which constitutes 
standardization thickness H/lambda and the 1st and 2nd insulating 
material layer of the Eulerian angle (0**3 degrees, theta, 0**3 degrees) 
of said LiTa03 substrate and said electrode is either of the combination 
shown in the following table 1. 
[Table 1] 



(0 + 3° , o , Q±r ) 


AuMJ? 




120.0° ^#<123.0° 


0.013-0.018 


0. 15-0.45 


123.0° ^0<124.5° 


0.013-0.022 


0. 10-0.40 


124.5° S#<125.5° 


0.013-0.025 


0.07-0.40 


125.5° ^ ^ < 3 27. 5° 


0.013-0.025 


0.06-0. 40 


127.5° S£<129.0° 


0.013-0.028 


0.04-0.40 


129.0° ^<9<130.0° 


0.017-0.030 


0.03-0. 42 


130,0° ^0<131.5° 


0.017-0.030 


0.03-0.42 


131.5° ^£<133.0° 


0.018-0.028 


0.05-0.33 


133.0° ^0<135.O° 


0.018-0.030 


0.05-0.30 


135.0° ^0^137.0° 


0.019-0.032 


0. 05-0. 25 


137.0° ^ 0 ^140.0° 


0.019-0.032 


0.05-0.25 



[Claim 12] 

Surface acoustic wave equipment according to claim 7 or 8 whose 
standardization thickness Hs/lambda of Si02 which constitutes 
standardization thickness H/lambda and the 1st and 2nd insulating 
material layer of the Eulerian angle (0**3 degrees, theta, 0**3 degrees) 
of said LiTa03 substrate and said electrode is either of the combination 
shown in the following table 2. 
[Table 2] 



(0±3° , 0 , 0 + 3° ) 
(D6 


Aulg 


S i CD 2 j^P" 


129.0° ^ (9 <130. 0° 


0.022-0.028 


0.04-0.40 


130.0° < 9 <I31.5° 


0. 022-0.028 


0.04-0.40 


131.5° ^ 0 <133. 0° 


0.022-0. 028 


0.05-0.33 


133.0° ^3<135.0° 


0.022-0.030 


0.05-0. 30 


135.0° ^0<137.O° 


0.022-0.032 


0.05-0. 25 


137.0° S 9 ^140.0° 


0. 022-0.032 


0.05-0. 25 



[Claim 13] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 113 degrees - 142 degrees, 0**3 degrees), said 1st and 
2nd insulating material layer consists of Si02 film, and standardization 
thickness Hs/lambda of the sum total of Si02 film is in the range of 
0. 10-0. 40, 

Surface acoustic wave equipment given in either of claims 1, 4-6 which 
has standardization thickness H/lambda in the range of 0. 01-0. 08 when a 
consistency 5000 - 15000 kg/m3 and Young's modulus 0.5x1011 - 1.0x1011 
N/m2, or transverse-wave acoustic velocity is the metal which is 1000 - 
2000 m/s and a metal with a larger consistency than said aluminum sets 
wavelength of H and a surface acoustic wave to lambda for the thickness 
of said electrode. 
[Claim 14] 

Surface acoustic wave equipment according to claim 13 said whose metal 
is Ag. 
[Claim 15] 

Surface acoustic wave equipment according to claim 13 or 14 
standardization thickness Hs/lambda of the sum total of said Si02 film 
and whose Eulerian angle of LiTa03 substrate standardization thickness 
H/lambda of said electrode is 0. 01-0. 08, and are either of the 
combination shown in the following table 3. 
[Table 3] 



AgKffH/A : 0. 01—0. O80ch^ 



s i o-mm 


L iTa0 3 ©^7-^ 


0. 15-0. 18 


0 + 3, 11 7-1 3 7, 0+3 


0. 18-0. 23 


0+3, 11 7-136, 0+3 


0. 23-0. 28 


0+3, 11 5-1 3 5, 0±3 


0. 28-0. 33 


0 + 3, 11 3-133, 0±3 


0. 33-0. 38 


0+3, 11 3-1 3 5, 0± 3 


0. 38-0. 40 


0±3, 11 3-132, 0+3 



[Claim 16] 

Surface acoustic wave equipment according to claim 13 or 14 
standardization thickness Hs/lambda of the sum total of said Si02 film 
and whose Eulerian angle of LiTa03 substrate standardization thickness 
H/lambda of said electrode is 0. 02-0. 06, and are either of the 
combination shown in the following table 4. 
[Table 4] 



A g HUSH/ A : 0. 02-0. O60t£ 



s i o.jm 


L iTa0 3 (D^7-A 


0. 15-0. 18 


0 + 3, 1 2 0-1 3 3, 0+3 


0. 18-0. 23 


0±3, 1 20-1 3 7, 0+3 


0. 23-0. 28 


0±3, 1 2 0-1 3 5, 0 + 3 


0. 28-0. 33 


0+3, 1 18-135, 0 + 3 


0. 33-0. 38 


0±3, 11 5-1 33, 0±3 


0. 38-0. 40 


0 + 3, 11 3-1 30, 0 + 3 



[Claim 17] 

Surface acoustic wave equipment according to claim 13 or 14 
standardization thickness Hs/lambda of the sum total of said Si02 film 
and whose Eulerian angle of LiTa03 substrate standardization thickness 
H/lambda of said electrode is 0. 03-0. 05, and are either of the 
combination shown in the following table 5. 
[Table 5] 



A gIHH/A : 0 . 03-0. 05(Dtt 



s io 2 m$ 


! L i Ta(.) :< ,"}t f7- ffj 


0. 1 5-0. 1 8 


0+3, 1 22-142, 0+3 


0. 18-0. 23 


0+3, 1 20-140, 0+3 


0. 23-0. 28 


0 + 3, 11 7-138, 0 + 3 


0. 28-0. 33 


0+3, 1 16-1 36, 0±3 


0. 33-0. 38 


0±3, 1 14-135, 0±3 


0. 38-0. 40 


0±3, 1 1 3-130, 0+3 



[Claim 18] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 113 degrees - 137 degrees, 0**3 degrees), said 1st and 
2nd insulating material layer consists of Si02 film, and standardization 
thickness Hs/lambda of the sum total of Si02 film is in the range of 
0. 10-0. 40, 

Surface acoustic wave equipment given in either of claims 1, 4-6 which 
has standardization thickness H/lambda in the range of 0. 01-0. 08 when a 
consistency 5000 - 15000 kg/m3 and Young's modulus 1.0x1011 - 2.05x1011 
N/m2, or transverse-wave acoustic velocity is the metal which is 2000 - 
2800 m/s and a metal with a larger consistency than said aluminum sets 
wavelength of H and a surface acoustic wave to lambda for the thickness 
of said electrode. 
[Claim 19] 

Surface acoustic wave equipment according to claim 18 said whose metal 
is Cu. 
[Claim 20] 

Surface acoustic wave equipment according to claim 18 or 19 whose 
standardization thickness Hs/lambda of the Eulerian angle of said LiTa03 
substrate and said sum total of Si02 is either of the combination shown 
in the following table 6. 
[Table 6] 



s \o 2 mm 


L iTaO s W7-^ 


0. 1 5-0. 1 8 


<0± 3, 1 1 7-1 3 7, 0+3) 


0. 1 8-0. 2 3 


(0±3, 1 1 7-136, 0+3) 


0. 2 3-0. 2 8 


(0+3, 1 1 5-1 35, 0±3) 


0. 28-0. 33 


(0+3, 1 1 3-133, 0+3) 


0. 3 3-0. 3 8 


(0±3, 1 1 3-135, 0+3) 


0. 38-0. 4 


(0±3, 1 1 3-132, 0+3) 



[Claim 21] 

Surface acoustic wave equipment according to claim 18 or 19 
characterized by theta of said Eulerian angle (0**3 degrees, theta, 0**3 
degrees) being in the range of the following formula (2). 
thetamin-2 degree< theta<=theta min+2 degree — Formula (2) 
However, among a formula (2), thetamin is a value expressed with 
following formula A-E, respectively, when standardization thickness 
H/lambda of IDT is the range of following (a) - (e) . 
(a) At the time of 0< H/lambda <=0. 01 

thetamin=-139. 713xHs3+43. 07132xHs2-20. 568011xHs+125. 8314 — At the time 
of formula A(b)0. OK H/lambda <=0. 03 

thetamin=-139. 660xHs3+46. 02985xHs2-21. 141500xHs+127. 4181 — At the time 
of formula B(c)0. 03< H/lambda <=0. 05 

thetamin=-139. 607xHs3+48. 98838xHs2-21. 714900xHs+129. 0048 — At the time 
of formula C(d)0. 05< H/lambda <=0. 07 

thetamin=-112. 068xHs3+39. 60355xHs2-21. 186000xHs+129. 9397 — At the time 
of formula D(e)0. 07< H/lambda <=0. 09 
thetamin=-126. 954xHs3+67. 40488xHs2 
- 29. 432000xHs+131. 5686 — Formula E 
[Claim 22] 

Surface acoustic wave equipment according to claim 18 or 19 
standardization thickness Hs/lambda of the sum total of said Si02 film 
and whose Eulerian angle of LiTa03 substrate are either of the 
combination shown in the following table 7. 
[Table 7] 



S i 0 2 JHjf 


L iTa0 3 (Dt1'7^ 


0. 1 5-0. 1 8 


<0± 3, I 1 7-1 2 5, 0 + 3) 


0. 1 8-0. 2 3 


(0±3, 1 1 7-125, 0±3) 


0. 23-0. 28 


(0± 3, 1 1 5-1 2 5, 0±3) 


0. 28-0. 33 


(0 + 3, 1 1 3-125, 0+3) 


0. 33-0. 38 


(0±3, 1 1 3-125. 0+3) 


0. 3 8-0. 40 


(0 + 3, 1 1 3-125, 0+3) 



[Claim 23] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 112 degrees - 138 degrees, 0**3 degrees), said 1st and 
2nd insulating material layer consists of Si02 film, and standardization 
thickness Hs/lambda of the sum total of Si02 film is in the range of 
0. 10-0. 40, 

Surface acoustic wave equipment given in either of claims 1, 4-6 which 
has standardization thickness H/lambda in the range of 0. 025-0. 06 when a 
consistency 15000 - 23000 kg/m3 and Young's modulus 2.0x1011 - 4.5x1011 
N/m2, or transverse-wave acoustic velocity is the metal which is 2800 - 
3500 m/s and a metal with a larger consistency than said aluminum sets 
wavelength of H and a surface acoustic wave to lambda for the thickness 
of said electrode. 
[Claim 24] 

Surface acoustic wave equipment according to claim 23 said whose metal 
is a tungsten. 
[Claim 25] 

Surface acoustic wave equipment according to claim 23 or 24 which has 
said standardization thickness H/lambda of IDT in the range of 0. 012- 
0. 053. 
[Claim 26] 

Surface acoustic wave equipment according to claim 25 which has said 
standardization thickness H/lambda of IDT in the range of 0. 015-0. 042. 
[Claim 27] 

Surface acoustic wave equipment according to claim 23 to 25 said whose 
LiTa03 substrate is LiTa03 substrate of an Eulerian angle (0**3 degrees, 
115 degrees - 135 degrees, 0**3 degrees). 
[Claim 28] 

Surface acoustic wave equipment according to claim 23 or 24 
standardization thickness H/lambda of said electrode is 0. 012-0. 053, and 



is [ equipment ] either of the combination which standardization 
thickness Hs/lambda of the sum total of said Si02 film and the Eulerian 
angle of LiTa03 substrate show in the following table 8. 
[Table 8] 



mm<D H/A =0.012-0.053 CD t£ 





LiTa0 3 fiW7-fc 


0. 1-0. 15 


(0±3, 114.2-138, 0±3) 


0. 15-0.2 


(0±3, 113-137. 8, 0±3) 


0. 2-0.3 


(0 + 3,113-137. 5, 0±3) 


0.3-0.35 


(0 + 3, 112. 7-137, 0±3) 


0. 35-0.4 


(0±3, 112.5-136,0 + 3) 



[Claim 29] 

Surface acoustic wave equipment according to claim 23 or 24 
standardization thickness H/lambda of said electrode is 0. 015-0. 042, and 
is [ equipment ] either of the combination which standardization 
thickness Hs/lambda of the sum total of said Si02 film and the Eulerian 
angle of LiTa03 substrate show in the following table 9. 
[Table 9] 



MO H/A =0.015-0. 042 <Dt £ 





LiTa0 3 tf)tO-& 


0. 1-0. 15 


(0 + 3, 114.3-138,0 + 3) 


0. 15-0. 2 


(0 + 3, 113-137. 5,0±3) 


0. 2-0. 3 


(0 + 3, 112. 5-137, 0±3) 


0.3-0.35 


(0±3, 112.2-136.5,0 + 3) 


0. 35-0. 4 


(0±3, 112-135.3,0 + 3) 



[Claim 30] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 104 degrees - 148 degrees, 0**3 degrees), said 1st and 
2nd insulating material layer consists of Si02 film, and standardization 
thickness Hs/lambda of the sum total of Si02 film is in the range of 
0. 10-0. 40, 

Surface acoustic wave equipment given in either of claims 1, 4-6 which 
has standardization thickness H/lambda in the range of 0. 004-0. 055 when 



a consistency 15000 - 23000 kg/m3 and Young's modulus 1.0x1011 - 
2.0x1011 N/ra2, or transverse-wave acoustic velocity is the metal which 
is 2000 - 2800 m/s and a metal with a larger consistency than said 
aluminum sets wavelength of H and a surface acoustic wave to lambda for 
the thickness of said electrode. 
[Claim 31] 

Surface acoustic wave equipment according to claim 30 said whose metal 
is a tantalum. 
[Claim 32] 

Surface acoustic wave equipment according to claim 30 or 31 which has 
standardization thickness H/lambda of said electrode in the range of 
0. 01-0. 55. 
[Claim 33] 

Surface acoustic wave equipment according to claim 30 or 31 which has 
standardization thickness H/lambda of said electrode in the range of 
0. 016-0. 045. 
[Claim 34] 

Surface acoustic wave equipment according to claim 30 to 32 said whose 
piezoelectric substrate is LiTa03 substrate of an Eulerian angle (0**3 
degrees, 111 degrees - 143 degrees, 0**3 degrees). 
[Claim 35] 

Surface acoustic wave equipment according to claim 30 or 31 
standardization thickness H/lambda of said electrode is 0. 01-0. 055, and 
is [ equipment ] either of the combination which standardization 
thickness Hs/lambda of the sum total of said Si02 film and the Eulerian 
angle of LiTa03 substrate show in the following table 10. 
[Table 10] 



m<D H/A =0.01-0.055 <Dt$ 





LiTa0 3 CO^7-^ 


0. 1-0. 15 


(0 + 3, 110.5-148,0 + 3) 


0. 15-0. 2 


(0± 3, 108-147. 5, 0±3) 


0. 2-0. 3 


(0 + 3, 105-148,0 + 3) 


0.3-0.35 


(0±3, 104.5-148,0 + 3) 


0. 35-0.4 


(0±3, 104-145, 0 + 3) 



[Claim 36] 

Surface acoustic wave equipment according to claim 30 or 31 
standardization thickness Hs/lambda of the sum total of said Si02 film 



and whose Eulerian angle of LiTa03 substrate standardization thickness 
H/larabda of said electrode is 0. 016-0. 045, and are either of the 
combination shown in the following table 11. 
[Table 11] 



l©H/A =0.016-0.045 <Dt£ 





LiTaO 3 0tf7-^ 


0. 1-0. 15 


(0±3, 113-144,0 + 3) 


0. 15-0.2 


(0 + 3, tll-144,0±3) 


0.2-0.3 


(0±3, 108-144,0 + 3) 


0.3-0. 35 


(0 + 3, 107.5-143,0 + 3) 


0.35-0.4 


(0 + 3, 107-140.5,0 + 3) 



[Claim 37] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 90 degrees - 169 degrees, 0**3 degrees), said 1st and 2nd 
insulating material layer consists of Si02 film, and standardization 
thickness Hs/lambda of the sum total of Si02 film is in the range of 
0. 10-0. 40, 

Surface acoustic wave equipment given in either of claims 1, 4-6 which 
has standardization thickness H/lambda in the range of 0. 005-0. 054 when 
a consistency 15000 - 23000 kg/m3 and Young's modulus 1.0x1011 - 
2.0x1011 N/m2, or transverse-wave acoustic velocity is the metal of 1000 
- 2000 m/s and a metal with a larger consistency than said aluminum sets 
wavelength of H and a surface acoustic wave to lambda for the thickness 
of said electrode. 
[Claim 38] 

Surface acoustic wave equipment according to claim 37 said whose metal 
is platinum. 
[Claim 39] 

Surface acoustic wave equipment according to claim 37 or 38 which whose 
Eulerian angles of said piezoelectric substrate are (0**3 degrees, 90 
degrees - 155 degrees, 0**3 degrees), and has standardization thickness 
H/lambda of said electrode in the range of 0. 01-0. 04. 
[Claim 40] 

Surface acoustic wave equipment according to claim 39 whose 
standardization thickness Hs/lambda of the Eulerian angle of said LiTa03 
substrate and said sum total of Si02 is either of the combination shown 
in the following table 12. 



[Table 12] 

e^H/A =0.01-0.04 COi€? 



SI0 2 m(Hs/A) 




0.1 < Hs/A<0.15 


(0±3° ,90* -169° ,0±3° ) 


0. 15^ Hs/A <0. 2 


(0±3° ,90° -167° ,0±3° ) 


0.20^ Hs/A <0. 25 


(0 + 3° ,90° -167° ,0±3° } 


0.25^ Hs/A<0.3 


(0 + 3° ,90° -164° ,0 + 3° ) 


0.3 ^ Hs/A<0.4 


(0 + 3° ,90° -163° ,0±3° ) 



[Claim 41] 

Surface acoustic wave equipment according to claim 37 or 38 which whose 
Eulerian angles of said piezoelectric substrate are (0**3 degrees, 102 
degrees - 150 degrees, 0**3 degrees), and has standardization thickness 
H/lambda of said electrode in the range of 0. 013-0. 033. 
[Claim 42] 

Surface acoustic wave equipment according to claim 41 standardization 
thickness Hs/lambda of the sum total of said Si02 film and whose 
Eulerian angle of LiTa03 substrate are either of the combination shown 
in the following table 13. 
[Table 13] 



6#H/A =0.013-0.033 (Dtt 



Si0 2 jp(Hs/A) 




0.1 < Hs/A <0. 15 


(0±3° , 106° -155° ,0 + 3° ) 


0.15=S Hs/A<0.2 


(0 + 3° , 104 c -155° ,0±3° ) 


0.20^ Hs/A <0. 25 


(0±3° , 102° -155° ,0 + 3° ) 


0.25^ Hs/A<0.3 


(0±3° , 102° -154° ,0±3° ) 


0.3 ^ Hs/A<0.4 


(0±3° ,102° -153° ,0±3° ) 



[Claim 43] 

Said piezoelectric substrate is LiTa03 substrate of an Eulerian angle 
(0**3 degrees, 104 degrees - 150 degrees, 0**3 degrees), said 1st and 
2nd insulating material layer consists of Si02 film, and standardization 
thickness Hs/lambda of the sum total is in the range of 0. 10-0. 40, 
Surface acoustic wave equipment given in either of claims 1, 4-6 which 
has standardization thickness H/lambda in the range of 0. 008-0. 06 when a 



consistency 5000 - 15000 kg/m3 and Young's modulus 2.0x1011 - 4.5x1011 
N/m2, or transverse-wave acoustic velocity consists of a metal of 2800 - 
3500 m/s and a metal with a larger consistency than said aluminum sets 
wavelength of H and a surface acoustic wave to lambda for the thickness 
of said electrode. 
[Claim 44] 

Surface acoustic wave equipment according to claim 43 said whose metal 
is nickel. 
[Claim 45] 

Surface acoustic wave equipment according to claim 44 which has 
standardization thickness H/lambda of said electrode in the range of 
0. 02-0. 06. 
[Claim 46] 

Surface acoustic wave equipment according to claim 44 which has 
standardization thickness H/lambda of said electrode in the range of 
0. 027-0. 06. 
[Claim 47] 

Surface acoustic wave equipment according to claim 44 the Eulerian angle 
of said LiTa03 substrate and whose standardization thickness Hs/lambda 
of the sum total of said Si02 film are either of the combination shown 
in the following table 14. 
[Table 14] 



SiO.J|JP 


-*< y — M 


0. 1-0. 2 


(0±3° ,106° - 140° ,0 + 3° ) 


0.2-0.3 


(0±3° ,105° - 137 3 ,0±3° ) 


0. 3-0.4 


(0+3° , 104° - 133° .0±3° ) 



[Claim 48] 

Surface acoustic wave equipment according to claim 43 with which said 
metal consists of Mo. 
[Claim 49] 

Surface acoustic wave equipment according to claim 48 which has 
standardization thickness H/lambda of said electrode in the range of 
0. 017-0. 06. 
[Claim 50] 

Surface acoustic wave equipment according to claim 48 which has 
standardization thickness H/lambda of said electrode in the range of 
0. 023-0. 06. 



[Claim 51] 

Surface acoustic wave equipment according to claim 48 the Eulerian angle 
of said LiTa03 substrate and whose standardization thickness Hs/lambda 
of the sum total of said Si02 film are either of the combination shown 
in the following table 15. 
[Table 15] 



SiO,IW 


rt-f 5 — 


0.1-0.2 


(0±3° ,107° - 141° ,0±3° ) 


0.2-0.3 


(0±3° ,104° - 141° ,0±3° ) 


0.3-0.4 


(0+3° ,104° - 138° ,0±3° ) 



[Claim 52] 

Surface acoustic wave equipment given in either of claims 1, 4-6 which 
is rhoOxO. 7 <= rho<=rho 0x1. 3 when said electrode consists of a cascade 
screen of the main electrode layer which consists of the large metal or 
large alloy of a consistency rather than aluminum, and at least one 
electrode layer which consists of other metals and sets the consistency 
of a metal with a large consistency to rho 0 rather than the mean 
density rho and said aluminum of this electrode. 
[Claim 53] 

Surface acoustic wave equipment according to claim 1 to 52 whose 
irregularity of said 2nd insulating material layer front face is 30% or 
less of the thickness of said electrode. 
[Claim 54] 

Surface acoustic wave equipment according to claim 1 to 53 characterized 
by using a leakage type surface acoustic wave as a surface acoustic wave. 
[Claim 55] 

The process which prepares a piezoelectric substrate, 

The process which forms the 1st insulating material layer all over one 

side of said piezoelectric substrate, 

The process which makes the laminated structure of the 1st insulating 
material layer and a resist remain to the remaining fields while 
removing the 1st insulating material layer of the part in which said 
electrode is formed using the resist pattern for forming the electrode 
pattern which has at least one electrode, 

The process which the electrode layer which consists of an alloy which 
uses the metal or this metal of high density as a principal component is 
in the 1st insulating material layer, abbreviation, etc. rather than 



aluminum by making it the field to which said 1st insulating material 
layer is removed, forms in thickness, and forms at least one electrode, 
The process which removes the resist which remains on said 1st 
insulating material layer, 

The manufacture approach of surface acoustic wave equipment equipped 
with the process which forms the 2nd insulating material layer so that a 
said 1st insulating material layer and electrode top may be covered. 
[Claim 56] 

The manufacture approach of surface acoustic wave equipment according to 
claim 55 that the consistency of the metal which constitutes said 
electrode, or an alloy is 1. 5 or more times of the consistency of said 
1st insulating material layer. 
[Claim 57] 

The process which prepares a piezoelectric substrate, 

The process which forms the 1st insulating material layer on the whole 

surface of one side of said piezoelectric substrate, 

The process which the 1st insulating material layer of the field of a 

part in which said electrode is formed using the resist pattern for 

forming at least one electrode pattern is removed [ process ], and makes 

the laminated structure of the 1st insulating material layer and a 

resist remain to the remaining fields, 

The process which forms the metal or alloy film for forming an electrode 
in the field to which said 1st insulating material layer is removed, and 
forms an electrode in it, 

The process which forms the protection metal membrane which consists of 
a metal or an alloy excellent in corrosion resistance all over this 
electrode, and said protection metal membrane is in the height of said 
1st insulating material layer, abbreviation, etc. by carrying out, and 
forms it in height rather than the metal or alloy which constitutes this 
electrode after forming said electrode, 

The process which removes the protection metal membrane by which the 
laminating is carried out on the resist on said 1st insulating material 
layer, and this resist, 

The manufacture approach of the surface acoustic wave equipment equipped 
with the process which forms the 2nd insulating material layer so that 
the protection metal membrane formed on said electrode and said 1st 
insulating material layer may be covered. 
[Claim 58] 

The manufacture approach of surface acoustic wave equipment according to 
claim 57 that the metal or alloy which constitutes said electrode 
configuration metal or alloy, and said protection metal membrane so that 



the mean density of the laminated structure which consists of said 
electrode and a protection metal membrane may become 1. 5 or more times 
of the consistency of the 1st insulating material layer is chosen. 
[Claim 59] 

The process which prepares a piezoelectric substrate, 
The process which forms an electrode on said piezoelectric substrate, 
The process which forms an insulating material layer so that said 
electrode may be covered, 

The manufacture approach of surface acoustic wave equipment equipped 
with the process which carries out flattening of the irregularity of the 
insulating material layer above the part in which said electrode exists, 
and the part not existing. 
[Claim 60] 

The manufacture approach of surface acoustic wave equipment according to 
claim 59 that said flattening process is performed by etchback, a 
reverse spatter, or polish. 
[Claim 61] 

The manufacture approach of surface acoustic wave equipment according to 
claim 55 to 59 using Si02 as said insulating material layer using one 
sort chosen as Au, Cu, Ag, W, Ta, Pt, nickel, and Mo list from the group 
which consists of an alloy which uses these metals as a principal 
component as a metal which constitutes said electrode. 



[Translation done. ] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the surface acoustic wave equipment which 



equipped the detail with the structure where the insulating material 
layer is formed so that an IDT electrode may be covered, more, and its 
manufacture approach about the surface acoustic wave equipment used for 
a resonator, a band-pass filter, etc., and its manufacture approach. 
[0002] 

[Description of the Prior Art] 

It is called for that a broadband and the both sides of the good 
temperature characteristic are filled with DPX used for mobile 
communication system or RF filter. Conventionally, with the surface 
acoustic wave equipment used for DPX or RF filter, the piezoelectric 
substrate which consists of 36 degrees - 50 degree rotation Y cut X 
propagation LiTa03 is used. The frequency temperature coefficient of 
this piezoelectric substrate was about -40 — 30ppm/degree C. In order to 
improve the temperature characteristic, the approach of forming Si02 
film which has a forward frequency temperature coefficient so that an 
IDT electrode may be covered on a piezoelectric substrate is learned. An 
example of the manufacture approach of this kind of surface acoustic 
wave equipment is shown in drawing 109 . 
[0003] 

As shown in drawing 109 (a), except for the part in which an IDT 
electrode is formed, a resist pattern 52 is formed on the piezoelectric 
substrate 51. Next, as shown in drawing 109 (b) , the electrode layer 53 
for forming an IDT electrode in the whole surface is formed. After an 
appropriate time, the metal membrane which has adhered on a resist 52 
and a resist 52 is removed using resist exfoliation liquid. Thus, as 
shown in drawing 109 (c) , IDT electrode 53A is formed. Next, as shown in 
drawing 109 (d) , Si02 film 54 is formed so that IDT electrode 53A may be 
covered. 
[0004] 

On the other hand, it is the purpose different from an improvement of 
the above-mentioned frequency temperature characteristic, and the 
manufacture approach of surface acoustic wave equipment that the 
insulating or anti-conductive protective coat is formed so that the IDT 
electrode of surface acoustic wave equipment may be covered is indicated 
by the following patent reference 1. Drawing 110 is a typical sectional 
view showing the surface wave equipment of a publication in this 
advanced technology. With surface acoustic wave equipment 61, the IDT 
electrode 63 which consists of an alloy which uses aluminum or aluminum 
as a principal component is formed on the piezo-electric substrate 62. 
The insulating or anti-conductive electrode finger mesenteriolum 64 is 
formed in fields other than the field in which the IDT electrode 63 is 



formed. Moreover, the insulating or anti-conductive protective coat 65 
is formed so that the IDT electrode 63 and the electrode finger 
mesenteriolum 64 may be covered. The purport which the above-mentioned 
electrode finger mesenteriolum 64 and a protective coat 65 consist of 
with anti-conductivity ingredients, such as insulating materials, such 
as Si02, and silicone, is indicated by surface acoustic wave equipment 
61 given in this advanced technology. Here, it is supposed that 
degradation of the property by discharge between the electrode fingers 
which originate in the pyroelectricity which the piezo-electric 
substrate 61 has by formation of the above-mentioned electrode finger 
mesenteriolum 63 will be controlled. 
[0005] 

On the other hand, after forming the electrode which consists of metals, 
such as aluminum metallurgy, on the piezo-electric substrate which 
becomes the following patent reference 2 from Xtal or lithium niobate 
and forming Si02 film further, 1 port mold surface acoustic wave 
intermediary resonator which comes to carry out flattening of this Si02 
film is indicated. Here, it is supposed that the good resonance 
characteristic will be acquired by flattening. 
[0006] 

[Patent reference l] 
JP, 11-186866, A 
[Patent reference 2] 
JP, 6-258355, A 
[0007] 

[Problem(s) to be Solved by the Invention] 

By the manufacture approach of the surface acoustic wave equipment which 
comes to form membranes Si02 film in order to improve the conventional 
frequency temperature characteristic, as shown in drawing 109 , the part 
in which IDT electrode 53A exists will differ in the height of the front 
face of Si02 film 54 from the part not existing. Therefore, there was a 
problem that an insertion loss deteriorated, by existence of the 
irregularity of the Si02 film 54 above-mentioned front face. Moreover, 
this irregularity becomes large as the thickness of an IDT electrode 
becomes large. Therefore, thickness of an IDT electrode was not able to 
be thickened. 
[0008] 

On the other hand, with surface acoustic wave equipment given in 
reference 1, after the electrode finger mesenteriolum 64 is formed 
between the electrode fingers of the IDT electrode 63, the protective 
coat 65 is formed. Therefore, flattening of the front face of a 



protective coat 65 can be carried out. 
[0009] 

However, the IDT electrode 63 was constituted from a configuration of a 
publication by reference 1 with the alloy which uses aluminum or 
aluminum as a principal component. Although the electrode finger 
mesenteriolum 64 was formed so that this IDT electrode 63 might be 
touched, sufficient reflection coefficient was not able to be obtained 
in the IDT electrode 63. Therefore, there was a problem that a ripple 
tended to arise in the resonance characteristic etc. , for example. 
[0010] 

Furthermore, although the resist which preceded forming a protective 
coat 65 and was formed on the electrode finger mesenteriolum 64 had to 
be removed by the manufacture approach given in reference 1 using resist 
exfoliation liquid, there was a possibility that the IDT electrode 63 
might be corroded by resist exfoliation liquid in this case. Therefore, 
the metal which is easy to be corroded was not able to be used as a 
metal which constitutes an IDT electrode. That is, the class of IDT 
electrode configuration metal had constraint. 
[0011] 

On the other hand, although it is shown by 1 port mold surface acoustic 
wave resonator given in the patent reference 2 mentioned above using 
Xtal or lithium niobate as a piezo-electric substrate and that an 
electrode consists of aluminum or gold, only the example in which the 
electrode which consists of aluminum was formed on the Xtal substrate is 
shown by the concrete example. That is, reference is not made especially 
about the surface acoustic wave equipment using other substrate 
ingredient or other metallic materials. 
[0012] 

The purposes of this invention are the surface acoustic wave equipment 
with which the insulating material layer is formed between the electrode 
fingers of an IDT electrode, and on the IDT electrode, and its 
manufacture approach, and its reflection coefficient of an IDT electrode 
is fully large, and they are in view of the present condition of the 
conventional technique mentioned above to offer the surface acoustic 
wave equipment which it is hard to produce degradation of the property 
by the ripple which appears in the resonance characteristic etc. , 
therefore has the good resonance characteristic and a good filter shape, 
and its manufacture approach. 
[0013] 

Other purposes of this invention have little constraint of selection of 
the metallic material with which the reflection coefficient of an IDT 



electrode not only has a good, property large enough, but constitutes an 
IDT electrode, and are to offer the surface acoustic wave equipment 
which the bad influence by the corrosion of an IDT electrode cannot 
produce easily, and its manufacture approach. 
[0014] 

The reflection coefficient of an IDT electrode is fully large, and it 
has a good property and the purpose of further others of this invention 
not only cannot produce degradation of the property by the corrosion of 
an IDT electrode easily, but is to offer surface acoustic wave equipment 
with the still better frequency temperature characteristic, and its 
manufacture approach. 
[0015] 

[Means for Solving the Problem] 

As mentioned above, it is shown by by carrying out flattening of the 
Si02 film by the patent reference 2 that the good resonance 
characteristic is acquired. Then, as a piezo-electric substrate, using 
LiTa03 substrate with a big electromechanical coupling coefficient, 
others produced 1 port mold surface acoustic wave resonator like the 
structure of a publication in the patent reference 2, and investigated 
the property so that invention-in-this-application persons may get the 
filter of a broadband. That is, the electrode which consists of aluminum 
was formed on the LiTa03 substrate, Si02 film was formed, and flattening 
of the front face of this Si02 film was carried out. However, after 
forming Si02 film, the property deteriorated greatly and found out that 
it was not what can be used. 
[0016] 

if an electromechanical coupling coefficient uses LiTa03 large substrate 
and LiNb03 substrate compared with Xtal, fractional band width will be 
boiled markedly and will become large. However, when the electrode which 
consists of aluminum was formed and Si02 film was further formed on 
LiTa03 substrate as shown in drawing 2 and drawing 3 as a result of 
invention-in-this-application persons' performing detailed examination, 
by carrying out flattening of the front face of Si02 film showed that a 
reflection coefficient decreased sharply to about 0. 02. In addition, 
drawing 2 and drawing 3 are drawings showing relation with a reflection 
coefficient with electrode layer thickness H/lambda of the surface 
acoustic wave equipment which forms the IDT electrode which consists of 
aluminum, gold, or platinum by various thickness on the LiTa03 substrate 
of an Eulerian angle (0 degree, 126 degrees, 0 degree), and comes to 
form Si02 film further. In addition, as the continuous line in drawing 2 
and drawing 3 shows the front face of Si02 film typically in drawing 2 



and drawing 3 , it shows change of the reflection coefficient when 
having not carried out flattening, and a broken line shows change of the 
reflection coefficient at the time of carrying out flattening of the 
front face of Si02 film. 
[0017] 

When the electrode which consists of conventional aluminum is used so 
that clearly from drawing 2 and drawing 3 , by carrying out flattening 
of the front face of Si02 film shows that a reflection coefficient 
decreases sharply to about 0. 02 regardless of electrode layer thickness. 
For this reason, enough stop bands are no longer obtained and it is 
thought that a sharp ripple arises near the antiresonant frequency. 
[0018] 

moreover, as for the reflection coefficient, the thing to which 
electrode layer thickness increases and which it is alike, it takes and 
is become large is known conventionally. However, when the electrode 
which consists of aluminum is used so that clearly from drawing 2 and 
drawing 3 , even if it enlarges thickness of an electrode, when 
flattening of the front face of Si02 film is carried out, it turns out 
that a reflection coefficient does not increase. 
[0019] 

On the other hand, it turns out that a reflection coefficient becomes 
large as the thickness of an electrode increases when the electrode 
which consists of Au or Pt is formed so that clearly from drawing 2 and 
drawing 3 , and flattening of the surface acoustic wave of Si02 film is 
carried out. Invention-in-this-application persons come to make this 
invention, as a result of examining many things based on such knowledge. 
[0020] 

At least one IDT electrode which consists of alloys which are formed on 
the piezoelectric substrate and said piezoelectric substrate, and use 
the metal or this metal of high density as a principal component rather 
than aluminum according to invention of the 1st of this application, In 
the remaining fields except the field in which said at least one IDT 
electrode is formed It has the 1st insulating material layer which was 
in said IDT electrode, abbreviation, etc. by carrying out, and was 
formed in thickness, and the 2nd insulating material layer formed so 
that said IDT electrode and the 1st insulating material layer might be 
covered, and the surface acoustic wave equipment with which the 
consistency of the above-mentioned IDT electrode is made into 1. 5 or 
more times of the consistency of the 1st insulating material layer is 
offered. In the 1st invention, while the ripple which appears in the 
resonance characteristic, a filter shape, etc. is moved out of band, a 



ripple is oppressed. Therefore, a good property is realizable. 
[0021] 

At least one IDT electrode which was formed on the piezoelectric 
substrate and said piezoelectric substrate according to the large aspect 
of affairs of invention of the 2nd of this application, The protection 
metal membrane which consists of the metal or alloy which excelled the 
metal or alloy which is formed on said IDT electrode and constitutes an 
IDT electrode in corrosion resistance, In the remaining fields except 
the field in which said at least one IDT electrode is formed Surface 
acoustic wave equipment equipped with the 1st insulating material layer 
formed so that the thickness of the sum total of said IDT electrode and 
protection metal membrane, abbreviation, etc. might be by carrying out 
and it might have thickness, and the 2nd insulating material layer 
formed so that said protection metal membrane and the 1st insulating 
material layer might be covered is offered. 
[0022] 

On a specific aspect of affairs with the 2nd invention, mean density of 
the laminated structure which consists of the above-mentioned IDT 
electrode and a protection metal membrane is made into 1. 5 or more times 
of the consistency of the 1st insulating material layer, and the 
unnecessary ripple which appears on the resonance characteristic or a 
filter shape by it is shifted out of band, and resonates. 
[0023] 

On a specific aspect of affairs with the 1st and the 2nd invention, the 
above 1st and the 2nd insulating material layer are formed of Si02, and 
the frequency temperature characteristic can offer good surface acoustic 
wave equipment by it. 
[0024] 

The surface acoustic wave equipment concerning the 1st and 2nd invention 
is surface acoustic wave equipment using reflection of a surface 
acoustic wave preferably. You may be surface acoustic wave equipment 
which it could be limited, but the end-face reflective mold surface 
acoustic wave equipment using reflection of opposite 2 end face of a 
piezoelectric substrate could be constituted especially as structure of 
using reflection of a surface acoustic wave, or prepared the reflector 
in the surface acoustic wave propagation direction outside of IDT. 
[0025] 

The surface acoustic wave equipment concerning the 1st and 2nd invention 
can be used for various surface acoustic wave resonators or a surface 
acoustic wave filter. Such a surface acoustic wave resonator may be 1 
port mold resonator, and you may be 2 port mold resonator, and a surface 



acoustic wave filter may be 2 port mold resonator filter, and may be a 

ladder mold filter or a lattice mold filter. 

[0026] 

On a specific aspect of affairs with the surface acoustic wave equipment 
concerning the 1st and 2nd invention, the above-mentioned electrode is 
an IDT electrode. On the other hand, an IDT electrode may be a tropism 
electrode, and can reduce an insertion loss by it. 
[0027] 

Moreover, the above-mentioned electrode may be a reflector. 

On a specific aspect of affairs with the surface acoustic wave equipment 

concerning the 1st and 2nd invention, the above-mentioned electrodes are 

an IDT electrode and a reflector electrode. 

[0028] 

On a specific aspect of affairs with the 1st and the 2nd invention, said 
piezoelectric substrate is LiTa03 substrate of an Eulerian angle (0**3 
degrees, 104 degrees - 140 degrees, 0**3 degrees). When wavelength of Hs 
and a surface acoustic wave is set to lambda, the sum total thickness of 
Si02 film which the said 1st and 2nd insulating material layer consists 
of Si02, and constitutes the 1st and 2nd insulating material layer When 
Hs/lambda is made into the range of 0. 03-0. 45 and sets wavelength of H 
and a surface acoustic wave to lambda for the thickness of said 
electrode, let standardization thickness H/lambda of an electrode be the 
value with which the following formula (l) is filled. 

0. 005 <= H/lambda <=0. 00025xrho2-0. 01056xrho+0. 16473 (however, rho mean 

density of an electrode) — Formula (l) 

[0029] 

As the metal which constitutes an electrode from the 1st invention as 
mentioned above, 

A metal is used. As such a metal, Au, Ag, Cu, W, Ta, Pt, nickel, or Mo 

is mentioned. 

[0030] 

the main metal membrane which consists of the alloys which make these 
metals or these metals a subject so that it may mention later in this 
invention, these metals, or an alloy, and the metal membrane of at least 
one layer which consists of other metals — ** — an electrode may be 
constituted by the cascade screen. In this case, it considers as the 
specific range, and an electromechanical coupling coefficient and a 
reflection coefficient can be raised, and standardization thickness 
Hs/lambda of the sum total of this Si02 film at the time of constituting 
the Eulerian angle [ of standardization thickness H/lambda of an 
electrode and a piezoelectric substrate ] and 1st, and 2nd insulating 



material layer from Si02 film according to a metaled class can realize 
the good frequency temperature characteristic. Moreover, the fall of an 
attenuation coefficient can also be aimed at by choosing each above- 
mentioned range. 
[0031] 

The process which invention of the 3rd of this application is the 
manufacture approach of the surface acoustic wave equipment concerning 
the 1st invention, and prepares a piezoelectric substrate, While 
removing the 1st insulating material layer of the part in which said IDT 
electrode is formed using the resist pattern for forming the electrode 
pattern which has the process which forms the 1st insulating material 
layer all over one side of said piezoelectric substrate, and at least 
one IDT electrode The process which makes the laminated structure of the 
1st insulating material layer and a resist remain to the remaining 
fields, The process which the electrode layer which consists of an alloy 
which uses the metal or this metal of high density as a principal 
component is in the 1st insulating material layer, abbreviation, etc. 
rather than aluminum by making it the field to which said 1st insulating 
material layer is removed, forms in thickness, and forms at least one 
IDT electrode, It is characterized by having the process which removes 
the resist which remains on said 1st insulating material layer, and the 
process which forms the 2nd insulating material layer so that a said 1st 
insulating material layer and IDT electrode top may be covered. 
[0032] 

Also in the manufacture approach of the surface acoustic wave equipment 
concerning the 3rd invention, preferably, the consistency of the metal 
which constitutes the above-mentioned IDT electrode, or an alloy is made 
into 1. 5 or more times of the consistency of the 1st insulating material 
layer, and the unnecessary ripple which appears on the resonance 
characteristic or a filter shape is shifted out of band, and it 
resonates. 
[0033] 

Invention of the 4th of this application is the manufacture approach of 
surface acoustic wave equipment, and is for obtaining the surface 
acoustic wave equipment concerning the 2nd invention. The process for 
which the 4th invention prepares a piezoelectric substrate, and the 
process which forms the 1st insulating material layer on the whole 
surface of one side of said piezoelectric substrate, The process which 
the 1st insulating material layer of the field of a part in which said 
electrode is formed using the resist pattern for forming at least one 
IDT electrode pattern is removed [ process ], and makes the laminated 



structure of the 1st insulating material layer and a resist remain to 
the remaining fields, The metal or alloy film for forming an IDT 
electrode in the field to which said 1st insulating material layer is 
removed is formed. The process which forms an IDT electrode, and after 
forming said IDT electrode The process which forms the protection metal 
membrane which consists of a metal or an alloy excellent in corrosion 
resistance all over this IDT electrode, and said protection metal 
membrane is in the height of said 1st insulating material layer, 
abbreviation, etc. by carrying out, and forms it in height rather than 
the metal or alloy which constitutes this IDT electrode, It is 
characterized by having the process which removes the protection metal 
membrane by which the laminating is carried out on the resist on said 
1st insulating material layer, and this resist, and the process which 
forms the 2nd insulating material layer so that the protection metal 
membrane formed on said IDT electrode and said 1st insulating material 
layer may be covered. 
[0034] 

Also in the 4th invention, like the 2nd invention, preferably, mean 
density of the laminated structure which consists of an IDT electrode 
and a protection metal membrane is made into 1. 5 or more times of the 
consistency of the 1st insulating material layer, and the unnecessary 
ripple which appears on the resonance characteristic or a filter shape 
is shifted out of band, and it resonates. 
[0035] 

Invention of the 5th of this application is the manufacture approach of 
surface acoustic wave equipment equipped with the process which carries 
out flattening of the irregularity of the insulating material layer 
above the process which prepares a piezoelectric substrate, the process 
which forms an electrode on said piezoelectric substrate, the process 
which forms an insulating material layer so that said electrode may be 
covered, the part in which said electrode exists, and the part not 
existing. 
[0036] 

In the 5th invention, the above-mentioned flattening process is 
preferably performed by etchback, a reverse spatter, or polish. 
[0037] 

[Embodiment of the Invention] 

Hereafter, this invention is clarified by explaining the concrete 

example of this invention, referring to a drawing. 

[0038] 

With reference to drawing 1 and drawing 6 , the manufacture approach of 



the surface acoustic wave equipment concerning the 1st example of this 
invention is explained. 

As shown in drawing 1 (a), LiTa03 substrate 1 is first prepared as a 
piezoelectric substrate. At this example, LiTa03 substrate of (0 degree, 
126 degrees, 0 degree) is used by 36-degree Y cut X propagation and the 
Eulerian angle. But what may use LiTa03 substrate of other crystal 
orientation, or consists of other piezo-electric single crystals as a 
piezoelectric substrate may be used. Moreover, the piezoelectric 
substrate which comes to carry out the laminating of the piezoelectric 
thin film may be used on an insulating substrate. In addition, there is 
relation of +90 degrees of theta= cut angles of an Eulerian angle (phi, 
theta, psi). 
[0039] 

On LiTa03 substrate 1, the 1st insulating material layer 2 is formed on 
the whole surface. In this example, the 1st insulating material layer 2 
is formed with Si02 film. 

The formation approach of the 1st insulating material layer 2 may be 
performed by proper approaches, such as printing, vacuum evaporationo, 
or sputtering. Moreover, thickness of the 1st insulating material layer 
2 is made equal to the thickness of the IDT electrode formed later. 
[0040] 

Next, as shown in drawing 1 (b) , a resist pattern 3 is formed using a 
photolithography technique. The resist pattern 3 consists of resist 
patterns 3 so that a resist may be located except for the field in which 
IDT is formed. 
[0041] 

Next, the remaining part except the part located under the resist 3 
among the 1st insulating material layers 2 is removed by the reactive- 
ion-etching method (RIE) which irradiates an ion beam at drawing 1 (c) 
as an arrow head shows. 
[0042] 

When Si02 is etched by RIE by the gas of a fluorine system, residue may 
arise by the polymerization reaction. In this case, after performing RIE, 
it can respond by processing by BHF (buffered fluoric acid) etc. 
[0043] 

After an appropriate time, Cu film and Ti film are formed in thickness 
equal to the 1st insulating material layer 2. As shown in drawing 1 (d) , 
the Cu film 4 is given to the field where the 1st insulating material 
layer 2 is removed, i. e. , the field in which IDT is formed, and the Cu 
film 4 is given to coincidence also on a resist pattern 3. Next, the Ti 
film 5 is formed as a complete protection metal membrane. As shown in 



drawing 1 (e) , the Ti film 5 will be given on the top face of IDT 
electrode 4A, and the Cu film 4 on a resist pattern 3. Therefore, a side 
face is covered with the 1st insulating material layer 2, and, as for 
IDT electrode 4A, the top face is covered with the Ti film 5. Thus, IDT 
electrode 4A and a protection metal membrane are formed, and it is 
constituted so that the thickness of IDT electrode 4A, the thickness of 
the sum total of the thickness of the Ti film 5 as a protection metal 
membrane, and the thickness of the 1st insulating material layer 2 may 
have the same thickness. 
[0044] 

After an appropriate time, a resist pattern 3 is removed using resist 
exfoliation liquid. Thus, as shown in drawing 1 R> 1 (f), IDT electrode 
4A is formed in the remaining fields except the field in which the 1st 
insulating material layer 2 is formed, and the structure where the top 
face of IDT electrode 4A is covered with the Ti film 5 is acquired. 
[0045] 

As shown in drawing 1 (g) after an appropriate time, Si02 film is formed 

in the whole surface as the 2nd insulating material layer 6. 

Thus, the surface acoustic wave resonator 11 of 1 port mold shown in 

drawing 6 was obtained. 

[0046] 

In addition, only the part in which IDT electrode 4A is formed was 
extracted and explained by drawing 1 (a) - (g). However, the surface 
acoustic wave resonator 11 equips the surface acoustic wave propagation 
direction both sides of IDT electrode 4A with reflectors 12 and 13 as 
shown in drawing 6 . Reflectors 12 and 13 are also formed of the same 
process as IDT electrode 4A. 
[0047] 

Although one IDT electrode 4A was formed on LiTa03 substrate 1 in the 
above-mentioned example since 1 port mold surface acoustic wave 
resonator 11 was constituted, according to the application of surface 
acoustic wave equipment, two or more IDT electrodes may be formed, and a 
reflector may be formed of the same process as IDT as mentioned above, 
and a reflector is not prepared, but ** is also good. 
[0048] 

For the comparison, 1 port mold surface acoustic wave resonator was 
produced according to the manufacture approach of surface acoustic wave 
equipment of having Si02 conventional film shown in drawing 109 . But 
also in this example of a comparison, the IDT electrode was formed by Cu, 
using LiTa03 substrate of 36-degree rotation Y cut X propagation (they 
are (0 degree, 126 degrees, 0 degree) at an Eulerian angle) as a 



substrate ingredient. Since Si02 film 54 was formed after IDT electrode 
53A is formed so that clearly from the manufacture approach shown in 
drawing 109 , irregularity could not but arise on the front face of Si02 
film 54. In the example of a comparison, the impedance characteristic 
and phase characteristic at the time of setting to 0. 042 standardization 
thickness h/lambda (h being the thickness of an IDT electrode and lambda 
being the wavelength of a surface acoustic wave) of the IDT electrode 
which consists of Cu, and carrying out standardization thickness 
Hs/lambda (Hs being the thickness of Si02 film) of Si02 film to 0. 11, 
and 0. 22 and 0. 33 are shown in drawing 4 . It turns out that the 
impedance ratio which is a ratio of the impedance in an antiresonance 
point and the impedance in the resonance point becomes small as 
standardization thickness Hs/lambda of Si02 film becomes large so that 
clearly from drawing 4 . 
[0049] 

Moreover, drawing 5 shows the relation between standardization thickness 
Hs/lambda of Si02 film of a surface acoustic wave resonator manufactured 
in the example of a comparison, and MF (Figure of Merit) of a resonator. 
It turns out that MF falls as the thickness of Si02 film becomes thick 
so that clearly from drawing 5 . 
[0050] 

That is, the property deteriorated greatly as the thickness of Si02 film 
became thick even if it formed the IDT electrode by Cu when an IDT 
electrode and Si02 film were formed according to the conventional method 
shown in drawing 109 . This is considered to be because for the 
irregularity mentioned above on the Si02 film front face to arise. 
[0051] 

On the other hand, according to the manufacture approach of this example, 
even when the thickness of Si02 film is made to increase, it is shown in 
that it is hard to produce degradation of a property, and drawing 7 -9. 
Drawing 7 is the change **** Fig. of the impedance characteristic at the 
time of changing the thickness of Si02 film at the time of obtaining the 
surface acoustic wave resonator 11 according to the above-mentioned 
example, i. e. , the thickness of the 2nd insulating material layer 6, and 
a phase characteristic. Moreover, the broken line of drawing 8 and 
drawing 9 is drawing showing change of the resonator at the time of 
changing thickness Hs/lambda of Si02 film in an example of gamma and MF, 
respectively. 
[0052] 

In addition, in drawing 8 and drawing 9 , a continuous line shows the 
result of the above-mentioned example of a comparison. 



If drawing 7 is compared with drawing 4 , even if it makes 
standardization thickness Hs/lambda of Si02 film increase compared with 
the case of the example of a comparison, in the above-mentioned example, 
it turns out that it is hard to produce the fall of an impedance, so 
that clearly. 
[0053] 

Moreover, according to the manufacture approach of an example, compared 
with the example of a comparison, it turns out that degradation of the 
property accompanying the increment in standardization thickness 
Hs/lambda of Si02 film is controlled so that clearly from the result of 
drawing 8 and drawing 9 . 
[0054] 

That is, according to the manufacture approach of this example, even if 
it is the case where the thickness of Si02 film is made to increase as 
mentioned above, it is hard to produce the fall of an impedance ratio, 
and degradation of a property can be controlled. 
[0055] 

On the other hand, drawing 10 is drawing showing the relation between 

the thickness of Si02 film, and the frequency temperature characteristic 

TCF of the surface acoustic wave resonator obtained by the manufacture 

approach of the example of a comparison, and an example. 

In drawing 10 , a continuous line shows the example of a comparison and 

a broken line shows the result of an example. 

[0056] 

When the thickness of Si02 film is made to increase so that clearly from 
drawing 10 according to the manufacture approach of an example, it turns 
out that the frequency temperature characteristic TCF can be ideally 
improved according to the increase of thickness. 
[0057] 

Therefore, by adopting the manufacture approach of the above-mentioned 
example shows that it is hard to produce degradation of a property and 
the surface acoustic wave resonator which can improve the temperature 
characteristic effectively can be offered. 

In addition, by the manufacture approach of this example, the IDT 
electrode is constituted from aluminum by Cu of high density. Therefore, 
IDT electrode 4A has sufficient reflection coefficient, and can control 
the ripple which is not the request which appears on the resonance 
characteristic. This is explained below. 
[0058] 

If it removed having replaced with Cu and having used aluminum film, the 
surface acoustic wave resonator of the 2nd example of a comparison was 



produced like the above-mentioned example. However, standardization 
thickness Hs/lambda of Si02 film was set to 0.08. That is, 
standardization thickness of the thickness of the 1st insulating 
material layer was set to 0. 08. Thus, a continuous line shows the 
impedance and phase characteristic of a surface acoustic wave resonator 
which were acquired to drawing 11 . 
[0059] 

Moreover, if it removes having not formed Si02 film, a broken line shows 
the impedance and phase characteristic of a surface acoustic wave 
resonator which were constituted like the 2nd example of a comparison to 
drawing 11 . 
[0060] 

When an IDT electrode is formed with aluminum and Si02 film is formed 
even if it follows the manufacture approach of the above-mentioned 
example so that clearly from the continuous line of drawing 11 , it 
turns out that the big ripple shown by the arrow head A of drawing 11 
appears between the resonance point and an antiresonance point. Moreover, 
it turns out that such a ripple does not appear in the surface acoustic 
wave resonator which does not have Si02. 
[0061] 

Therefore, even if it is going to aim at an improvement of the frequency 
temperature characteristic etc. by formation of Si02 film, when an IDT 
electrode is formed by aluminum, it turns out that the above-mentioned 
ripple A appears and degradation of a property is caused. As a result of 
inquiring to a pan per this point, when using the metal of high density 
rather than aluminum as an IDT electrode, the invention-in-this- 
application person could raise the reflection coefficient of an IDT 
electrode, and found out that the above-mentioned ripple A could be 
controlled by it. 
[0062] 

That is, according to the same manufacture approach as the above- 
mentioned example, various consistencies of the metal which constitutes 
the IDT electrode 4 were changed, and the surface acoustic wave 
resonator was produced like the above-mentioned example. Thus, the 
impedance characteristic of the obtained surface acoustic wave resonator 
is shown in drawing 12 (a) - (e). Drawing 1212 (a) The ratios 
[ respectively as opposed to the consistency rho 2 of the 1st insulating 
material layer of the mean density rho 1 of the laminated structure of 
an IDT electrode and a protection metal membrane in - (e) ] rhol/rho2 
show the result in 2. 5, 2. 0, 1. 5, 1. 2, and 1. 0. 
[0063] 



Drawing 12 (a) At drawing 12 (a) - (c), the above-mentioned ripple A is 
shifted out of band, and it turns out further by drawing 12 (a) that the 
above-mentioned ripple A is oppressed remarkably so that clearly from - 
(e). 
[0064] 

Therefore, the result of drawing 12 shows that shift 1. 5 or more times, 
then the above-mentioned ripple A to the outside of the band of 
resonance frequency-antiresonant frequency, and a good property is 
acquired in the density ratio to the 1st insulating material layer of 
the laminated structure of an IDT electrode and a protection metal 
membrane. Moreover, it turns out more preferably that 2. 5 or more times, 
then the ripple itself can be made small for the above-mentioned density 
ratio. 
[0065] 

Drawing 12 (a) Although the above-mentioned mean density was used in - 
(e) since the laminating of the Ti film was carried out on IDT electrode 
4A according to the above-mentioned example, in this invention, a 
protection metal membrane is not prepared on IDT electrode 4A, but ** is 
also good. In that case, it was desirable to have made thickness of IDT 
electrode 4A the same as the thickness of the 1st insulating material 
layer, and to have made the ratio to the consistency of the 1st 
insulating material layer of the consistency of an IDT electrode into 
1. 5 or more times, more preferably, it was good and it was confirmed 2. 5 
or more times, then that the same effectiveness as the above is acquired. 
[0066] 

Therefore, in the surface acoustic wave resonator which comes to cover 
an IDT electrode with Si02 film, if the consistency of an IDT electrode 
or mean density of the layered product of an IDT electrode and a 
protection metal membrane is made larger than the consistency of the 1st 
insulating material layer located in the side of an IDT electrode, it 
turns out that the reflection coefficient of an IDT electrode can be 
raised and degradation of the property which appears between resonance 
point-antiresonance points by it can be controlled. 
[0067] 

In addition, as the metal or alloy of high density, the alloy which 
makes others, Ag, Au, etc. and these a subject is mentioned from 
aluminum. [ Cu ] 

Moreover, since the side face of IDT electrode 4A is covered with the 
1st insulating material layer 2 and the top face is covered with the 
protection metal membrane 6 on the IDT electrode like [ it is desirable 
and ] the above-mentioned example in case a resist pattern 3 is 



exfoliated so that clearly from the structure which carried out the 
laminating of the protection metal membrane, then the manufacture 
approach which showed drawing 1 (a) - (g) , the corrosion of IDT 
electrode 4A can be prevented. Therefore, it turns out that the surface 
acoustic wave resonator which has a much more good property can be 
offered. 
[0068] 

Furthermore, the 1st and 2nd insulating material layer may be formed 
with an insulating ingredient with other temperature characteristic 
improvement effects, such as SiOxN(ies) other than Si02. Moreover, the 
1st and 2nd insulating material layer may consist of different 
insulating ingredients, and may consist of ingredients equal as 
mentioned above. 
[0069] 

Drawing 13 is drawing showing the relation of an electromechanical 
coupling coefficient with standardization thickness H/lambda of IDT at 
the time of forming an IDT electrode using various metals by various 
thickness on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree). 
[0070] 

When the standardization thickness of the electrode with which an 
electromechanical coupling coefficient becomes large compared with 
aluminum obtained from drawing 13 was investigated about each metal, the 
result shown in drawing 14 was obtained. That is, drawing 14 is drawing 
showing the electrode layer Atsunori enclosure where an 
electromechanical coupling coefficient becomes large compared with the 
case where the IDT electrode which consists of aluminum as mentioned 
above is formed, when the IDT electrode which consists of a metal of 
various consistencies is formed on the above-mentioned LiTa03 substrate. 
[0071] 

In drawing 14 , among the thickness range of the electrode which 
consists of each metal, an electromechanical coupling coefficient is the 
threshold value of the range which becomes large, and, as for the 
minimum of the electrode layer Atsunori enclosure of each metal, an 
upper limit shows a production limitation rather than aluminum. It will 
be set to y=0. 00025 x2-0. 01056x+0. 16473 if an upper limit is 
approximated by the quadratic, using a consistency as x using the range 
of electrode layer thickness with a big electromechanical coupling 
coefficient as y. 
[0072] 

Therefore, the electrode is formed on the piezo-electric substrate which 



consists of LiTa03 of 14 degrees - 50 degree rotation Y cut X 
propagation (they are (0 degree, 104 degrees - 140 degrees, 0 degree) at 
an Eulerian angle), and standardization thickness H/larabda of an 
electrode further Si02 film in the structure currently formed in the 
range of standardization thickness Hs/lambda 0. 03-0. 45 so that clearly 
from explanation of the concrete example according to each below- 
mentioned electrode material, 

0.005 <= H/lambda <=0. 00025xrho2-0. 01056xrho+0. 16473 — Formula (1) 

A ******** case, an electromechanical coupling coefficient can be raised 

so that clearly from the result of drawing 14 . In addition, rho shows 

the mean density of an electrode. 

[0073] 

In this invention, an electrode is characterized by consisting of 
aluminum mentioned above using a metal with a high consistency. In this 
case, the electrode may consist of alloys which may consist of metals 
with a consistency higher than aluminum, or make aluminum a subject, 
moreover, it consists of a different metal from the main metal membrane 
which consists of an alloy which uses aluminum or aluminum as a 
principal component, and this metal membrane — ** — you may consist of 
laminated structures of a metal membrane. When the electrode is 
constituted by the cascade screen and the consistency of the metal of 
rho and a main electrode layer is set to rho 0 for the mean density of 
an electrode, what is necessary is just the mean density which satisfies 
rhoOxO. 7 <= rho<=rho 0x1. 3. 
[0074] 

Moreover, in this invention, although flattening of the front face of 
the 2nd insulating material layer is carried out as mentioned above, 
this flattening should just have 30% or less of irregularity of the 
thickness of an electrode. If it exceeds 30%, the effectiveness by 
flattening may not fully be acquired. 
[0075] 

Furthermore, flattening of the 2nd insulating material layer is 
performed by various approaches as mentioned above. For example, the 
flattening approach by etchback, the flattening approach using the 
oblique incidence effectiveness by the reverse spatter effectiveness, 
the approach of grinding an insulating material layer front face, or the 
approach of grinding an electrode is mentioned. As for these approaches, 
two or more sorts may be used together. Drawing 102 - Fig. 105 is 
explained for the detail of these approaches. 
[0076] 

Drawing 102 (a) - (c) is the approach of carrying out flattening of the 



insulating material layer front face by the etchback approach. First, as 
shown in drawing 102 (a), on the piezoelectric substrate 41, an 
electrode 42 is formed and the insulating material layer 43 is formed 
after an appropriate time. As shown in drawing 102 (b) , a resist 44 is 
formed of spin coating etc. on the insulating material layer 43. The 
front face of a resist 44 is flat. Therefore, flattening of the front 
face of the insulating material layer 43 which consists of Si02 etc. can 
be carried out by etching by reactive ion etching, i. e. , etchback, from 
this condition ( drawing 102 (c) ) . 
[0077] 

Drawing 103 (a) - (d) is each typical sectional view for explaining a 
reverse spatter. Here, an electrode 42 is formed on the piezoelectric 
substrate 41, and the insulating material layer 43 is formed after an 
appropriate time. And argon ion etc. is irradiated on the front face of 
the insulating material layer 43 by sputtering. This ion is used in 
order to carry out the spatter of the substrate 41. When ion collides 
with a substrate and performs sputtering, the spatter effectiveness that 
the direction in the case of carrying out incidence to a slanting field 
is big is acquired rather than it carries out incidence to a flat field. 
This is known as oblique incidence effectiveness. Flattening of it is 
carried out by this effectiveness as are shown in drawing 103 (b) - (d) 
and the front face of the insulating material layer 43 advances 
sputtering. 
[0078] 

Drawing 104 (a) and (b) are the typical sectional views for explaining 
how carrying out flattening by grinding an insulating material layer. As 
shown in drawing 104 (a), after forming an electrode 42 and the 
insulating material layer 43 on a substrate 41, flattening of the front 
face of the insulating material layer 43 can be carried out by grinding 
mechanically or chemically. 
[0079] 

Drawing 105 (a) - (c) is the approach of attaining flattening, by 
grinding an electrode. Here, as shown in drawing 105 (a), after forming 
the 1st insulating material layer 45 on a substrate 41, vacuum 
evaporationo etc. forms in the whole surface metal membrane 42A which 
consists of an electrode material. As shown in drawing 105 (b) after an 
appropriate time, the 1st insulating material layer 45 formed in the 
field around the field in which the electrode 42 and the electrode 42 
are formed is formed by grinding metal membrane 42A mechanically or 
chemically. Thus, the 1st insulating material layer 45 and the top face 
of an electrode 42 are made flat-tapped, and flattening is carried out. 



As shown in drawing 105 (c) after an appropriate time, an insulating 
material layer with a flat front face can be formed by forming the 2nd 
insulating material 46. 
[0080] 

This invention is applicable to various surface acoustic wave equipments. 
The example of such surface acoustic wave equipment is shown in drawing 
106 (a), (b) - Fig. 108 . Drawing 106 (a) and (b) are the typical top 
views showing the electrode structure of 1 port mold surface acoustic 
wave resonator 47 and 2 port mold surface acoustic wave resonator 48, 
respectively. Moreover, 2 port mold surface acoustic wave resonator 
filter may be constituted using the same electrode structure as 2 port 
mold surface acoustic wave resonator 48 shown in drawing 106 (b) . 
[0081] 

Furthermore, Fig. 107 and 108 is a typical top view showing the 
electrode structure of a ladder mold filter and a lattice mold filter, 
respectively. By forming electrode structure like ladder mold filter 49a 
shown in Fig. 107 and 108 , and lattice mold filter 49b on a 
piezoelectric substrate, a ladder mold filter and a lattice mold filter 
can be constituted according to this invention. 
[0082] 

But this invention is applicable not only to the surface acoustic wave 
equipment which has the electrode structure shown in Fig. 106 and 107 
but various surface acoustic wave equipments. 

Moreover, the surface acoustic wave equipment using a leakage elastic 
wave consists of preferably surface acoustic wave equipment concerning 
this invention. It is surface acoustic wave equipment which has the 
electrode which becomes JP, 6-164306, A from heavy metals, such as Au, and 
the surface acoustic wave equipment using a Love wave without 
propagation attenuation is indicated. Here, by using a heavy metal as an 
electrode, acoustic velocity of the surface acoustic wave to spread is 
made later than a transverse-wave bulk wave with a late substrate, a 
leakage component is lost and the Love wave as a non-revealing surface 
acoustic wave is used by it. 
[0083] 

However, in the above-mentioned Love wave, acoustic velocity cannot but 
become slow inevitably and the pitch of IDT cannot but become small in 
connection with it. Therefore, the difficulty of processing becomes high 
and process tolerance deteriorates. In addition, the line breadth of IDT 
also becomes small and loss by resistance also increases. Therefore, 
loss cannot but become large. 
[0084] 



On the other hand, in this invention, in spite of using the electrode 
which consists of a metal heavier than aluminum unlike the surface 
acoustic wave equipment which used the above Love waves, the quick 
leakage surface acoustic wave of acoustic velocity can be used suitably, 
and even if it is that case, reduction of a propagation loss can be 
aimed at. Therefore, the surface acoustic wave equipment of low loss can 
be constituted. 
[0085] 

Hereafter, suppose that it explains for every metallic material about 
each example when a metal with a large consistency constitutes an 
electrode from aluminum based on the result mentioned above. 
With in addition, a metal with a larger consistency than aluminum used 
by this invention (l) The metal a consistency 15000 - 23000 kg/m3 and 
Young's modulus 0.5x1011 - 1.0x1011 N/m2, or whose transverse-wave 
acoustic velocity is 1000 - 2000 m/s, For example, the metal Au, the (2) 
consistency 5000 - 15000 kg/m3 and Young's modulus 0.5x1011 - 1.0x1011 
N/m2, or whose transverse-wave acoustic velocity is 1000 - 2000 m/s, For 
example, the metal Ag, the (3) consistency 5000 - 15000 kg/m3 and 
Young's modulus 1.0x1011 - 2.05x1011 N/m2, or whose transverse-wave 
acoustic velocity is 2000 - 2800 m/s, For example, the metal Cu, the (4) 
consistency 15000 - 23000 kg/m3 and Young's modulus 2.0x1011 - 4.5x1011 
N/m2, or whose transverse-wave acoustic velocity is 2800 - 3500 m/s, For 
example, the metal a tungsten, the (5) consistency 15000 - 23000 kg/m3 
and Young's modulus 1.0x1011 - 2.0x1011 N/m2, or whose transverse-wave 
acoustic velocity is 2000 - 2800 m/s, For example, the metal a tantalum, 
the (6) consistency 15000 - 23000 kg/m3 and Young's modulus 1.0x1011 - 
2.0x1011 N/m2, or whose transverse-wave acoustic velocity is 1000 - 2000 
m/s, For example, the metal platinum, the (7) consistency 5000 - 15000 
kg/m3 and Young's modulus 2.0x1011 - 4.5x1011 N/m2, or whose transverse- 
wave acoustic velocity is 2800 - 3500 m/s, for example, nickel and Mo, 
is mentioned. 
[0086] 

[The example to which an electrode makes Au a subject] 

Drawing 15 is a top view for explaining the vertical joint resonator 

filter as surface acoustic wave equipment concerning other examples of 

this invention. 

[0087] 

Surface acoustic wave equipment 21 has the structure in which IDT(s) 23a 
and 23b and Reflectors 24a and 24b were formed on the top face of LiTa03 
substrate 22. Moreover, Si02 film 15 is formed so that IDT(s) 23a and 
23b and Reflectors 24a and 24b may be covered. In addition, as LiTa03 



substrate 22, 25 degrees - 58 degree rotation Y cut X propagation 
(Eulerian angle (0-degree, 115 degrees - 148 degree, 0 degree)) LiTa03 
substrate is used. In this rotation Y cut X propagation LiTa03 substrate 
of a cut angle out of range, an attenuation coefficient is large and TCF 
also gets worse. 
[0088] 

IDT(s) 23a and 23b and Reflectors 24a and 24b are constituted by the 
metal with a high consistency compared with aluminum. Even if at least 
one sort of metals chosen from the group which consists of Au, Pt, W, Ta, 
Ag, Mo, Cu, nickel, Co, Cr, Fe, Mn, Zn, and Ti as such a metal, or this 
is not, the alloy which uses one of them as a principal component is 
mentioned. 
[0089] 

As mentioned above, since IDT(s) 23a and 23b and Reflectors 24a and 24b 
are constituted by the metal with a high consistency compared with 
aluminum, even if it is the case where thickness of IDT(s) 23a and 23b 
and Reflectors 24a and 24b is made thin compared with the case where 
aluminum is used, as shown in drawing 16 and drawing 17 , an 
electromechanical coupling coefficient and a reflection coefficient can 
be raised. 
[0090] 

And electrode layer thickness can be made thin as mentioned above. About 
the thickness of Si02 film 25, it is desirable that the range of 
thickness Hs/lambda standardized on the wavelength of a surface acoustic 
wave is 0. 03-0. 45 so that clearly from the below-mentioned example of an 
experiment. In addition, the thickness of the sum total when Hs 
constitutes the 1st and 2nd insulating material layer from Si02, and 
lambda show the wavelength of a surface acoustic wave. By making it this 
range, an attenuation coefficient can be sharply made small and low 
loss-ization is attained from the case where there is no Si02 film. 
[0091] 

Although it changes also with ingredients which constitute IDT, when 

consisting of Au film, for example, as for the thickness standardized on 

the wavelength of the surface acoustic wave of IDT(s) 23a and 23b, 

0. 013-0. 030 are desirable. Since IDT lengthens and it has surroundings 

resistance when Au film is thin, 0.021-0.03 are more preferably 

desirable. 

[0092] 

With the surface acoustic wave equipment which this invention requires, 
as mentioned above, IDT(s) 23a and 23b are constituted from aluminum on 
LiTa03 substrate 22 by the metal with a large consistency, and this 



electrode layer thickness of IDT(s) 23a and 23b can be made thin. 
Therefore, it has a good property and the good frequency temperature 
characteristic is realized by formation of Si02 film 25. This is 
explained based on a concrete example. 
[0093] 

When IDT which consists of aluminum is formed on the LiTa03 substrate of 
(0 degree, 126 degrees, 0 degree) by 36-degree rotation Y cut X 
propagation and the Eulerian angle, change of the electromechanical 
coupling coefficient Ksaw at the time of forming by the various 
thickness of IDT which consists of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, and 
nickel and an attenuation coefficient (alpha), and reflection 
coefficient |ref| is shown in drawing 16 , drawing 18 , and drawing 17 , 
respectively, in addition, numerical calculation — the approach of 
J. J. Champbell and W. R. Jones : IEEE Trans. Sonic&Ultrason. SU-15. p209 (1968) 
— following — an electrode — the whole surface — it calculated as 
uniform. 
[0094] 

When standardized thickness H/lambda is 0. 10 in IDT which consists of 
aluminum so that clearly from drawing 16 , an electromechanical coupling 
coefficient Ksaw is about 0. 27. In addition, H shows thickness and 
lambda shows the wavelength of a surface acoustic wave. On the other 
hand, in IDT which consists of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, and nickel, 
when H/lambda is made into the range of 0. 013-0. 035, the bigger 
electromechanical coupling coefficient Ksaw can be realized. However, by 
IDT which consists of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, and nickel, an 
attenuation coefficient becomes very large to an attenuation coefficient 
alpha being about 0 regardless of thickness H/lambda at IDT which 
consists of aluminum so that clearly from drawing 18 . 
[0095] 

Drawing 25 is drawing in the structure which formed IDT and Si02 film 
which consists of Au on the LiTa03 substrate of (0 degree, theta, 0 
degree) by the Eulerian angle showing relation with an electromechanical 
coupling coefficient with theta. Here, when standardization thickness of 
IDT which consists of Au was set to 0.022, 0.025, and 0.030, 
standardization thickness Hs/lambda of Si02 film was changed to the list 
with 0.00 (Si02 film is not formed), 0.10, 0.20, and 0.30 and 0.45. 
[0096] 

It turns out that Si02 film takes for becoming thick and an 
electromechanical coupling coefficient Ksaw becomes small so that 
clearly from drawing 25 . Moreover, in order to control degradation of 
the property by Si02 film so that it may mention later, the case where 



thickness of IDT is made thin is considered. Even when standardization 
thickness is made thin to 0. 04 in IDT which consists of conventional 
aluminum so that clearly from above-mentioned drawing 16 and Si02 film 
is not formed, an electromechanical coupling coefficient Ksaw becomes 
small with 0. 245. Moreover, when standardization thickness of IDT which 
consists of aluminum is set to 0.04 and Si02 film is formed, an 
electromechanical coupling coefficient Ksaw becomes still smaller, and 
broadband-ization becomes difficult practically. 
[0097] 

On the other hand, with the structure which formed IDT which consists of 
Au and formed Si02 film, even if it is the case where standardization 
thickness Hs/lambda of Si02 film is made about into 0.45 by making theta 
of an Eulerian angle into 128. 5 degrees or less, it turns out that an 
electromechanical coupling coefficient Ksaw becomes 0. 245 or more, so 
that clearly from drawing 25 . Moreover, when standardization thickness 
forms Si02 film which is about 0. 30, an electromechanical coupling 
coefficient Ksaw can be made or more into 0. 245 by making theta of an 
Eulerian angle into 132 degrees or less. In addition, when smaller than 
115 degrees, an attenuation coefficient becomes large and theta of an 
Eulerian angle is not practical, so that it may mention later. Therefore, 
it turns out that it is suitable 25 degrees - 42 degree rotation Y cut X 
propagation (being an Eulerian angle (0**3 degrees, 115 degrees - 132 
degrees, 0**3 degrees)) and to use LiTa03 substrate of 25 degrees - 38.5 
degree rotation Y cut X propagation (being an Eulerian angle (0**3 
degrees, 115 degrees - 128.5 degrees, 0**3 degrees)) more preferably. 
[0098] 

On the other hand, the frequency temperature characteristic (TCF) of 
LiTa03 substrate of (0 degree, 126 degrees, 0 degree) is -30 — 
40ppm/degree C, and 36-degree rotation Y cut X propagation and an 
Eulerian angle are not enough as it. In order to improve this frequency 
temperature characteristic TCF so that it may become within the limits 
of **20ppm/degree C, 36-degree rotation Y cut X propagation and an 
Eulerian angle show change of the frequency temperature characteristic 
at the time of forming IDT which consists of Au and forming Si02 film by 
various thickness further on the LiTa03 substrate of (0 degree, 126 
degrees, 0 degree), to drawing 19 . In addition, in drawing 19 , 0 shows 
a theoretical value and x shows an experimental value. Here, the 
standardization thickness of IDT which consists of Au is H/lambda =0. 020. 
[0099] 

Formation of Si02 film shows that the frequency temperature 
characteristic is improved so that clearly from drawing 19 . When 



thickness Hs/larabda by which Si02 film was standardized especially is 
near 0. 25, TCF is set to 0 and it turns out that it is desirable. 
[0100] 

Moreover, numerical analysis of the change of the attenuation 
coefficient alpha at the time of changing various thickness of IDT which 
a cut angle becomes from Au, using LiTa03 substrate of two kinds of 
Eulerian angles, 36 degrees (they are (0 degree, 126 degrees, 0 degree) 
at an Eulerian angle) and 38 degrees (they are (0 degree, 128 degrees, 0 
degree) at an Eulerian angle), as rotation Y cut X propagation LiTa03 
substrate, and thickness of Si02 film was carried out. A result is shown 
in drawing 20 and drawing 21 . In addition, drawing 20 and the thickness 
value of Au of drawing 21 are H/lambda. If the thickness of Si02 film is 
chosen regardless of the thickness of IDT which consists of Au so that 
clearly from drawing 20 and drawing 21 , it turns out that an 
attenuation coefficient alpha can be made small. That is, it turns out 
that an attenuation coefficient alpha may be made very small in 
thickness Hs/lambda of Si02 film when 0.03 to 0.45 and IDT which 
consists of Au of the range of 0. 10-0. 35 then LiTa03 substrate of one of 
Eulerian angles, and which thickness more preferably are formed so that 
clearly from drawing 20 and drawing 21 . 
[0101] 

Furthermore, thin thickness is also known by that the sufficiently big 
reflection coefficient is obtained compared with aluminum when IDT which 
consists of Au is used by drawing 17 . 

Therefore, when thickness H/lambda forms IDT which consists of Au of 
0. 013-0. 030 on LiTa03 substrate from the result of above-mentioned 
drawing 16 - drawing 21 , it can make an attenuation coefficient alpha 
very small, and the range, then the big electromechanical coupling 
coefficient of 0. 03-0. 45 are not only obtained in thickness Hs/lambda of 
Si02 film, but can obtain sufficient reflection coefficient. 
[0102] 

In the example mentioned above, a broken line shows the magnitude-of- 
attenuation-frequency characteristics of the surface acoustic wave 
equipment 11 of the example which forms IDT which consists of Au of the 
standardization thickness of H/lambda =0. 020 on the LiTa03 substrate of 
36 degrees of cut angles (they are (0 degree, 126 degrees, 0 degree) at 
an Eulerian angle), and comes to form Si02 film of standardization 
thickness Hs/lambda =0. 1 further to drawing 22 . Moreover, a continuous 
line shows the magnitude-of-attenuation frequency characteristics of the 
structure before forming Si02 film in this surface acoustic wave filter 
for a comparison. 



[0103] 

Although an electromechanical coupling coefficient becomes small a 
little from 0. 30 by formation of Si02 film 0. 28 so that clearly from 
drawing 22 , it turns out that the insertion loss is improved. Therefore, 
it is proved that the thickness, then the attenuation coefficient alpha 
of the range of the above-mentioned specification become small about 
Si02 film so that clearly from drawing 22 . 
[0104] 

Based on the knowledge mentioned above, the invention-in-this- 
application person formed IDT which consists of Au whose standardization 
thickness is 0.02, formed Si02 film of still more various thickness on 
the rotation Y cut X propagation LiTa03 substrate of various Eulerian 
angles, and made 1 port mold surface acoustic wave resonator as an 
experiment. In this case, standardization thickness of Si02 film was set 
to 0. 10, 0. 20, and 0. 30 and 0. 45. Thus, the Q value of the obtained one 
port each mold surface acoustic wave resonator was measured. A result is 
shown in drawing 26 . 
[0105] 

Generally, the steepness of the filter shape which lasts to a decay area 
from the passband at the time of using as a filter is raised, so that 
the Q value of a resonator is large. Therefore, when a steep filter is 
needed, the larger one of Q value is desirable. Regardless of the 
thickness of Si02 film, Q value serves as [ a cut angle ] max near (0 
degree, 138 degrees, 0 degree) by 48-degree rotation Y cut and the 
Eulerian angle, and it turns out that Q value is comparatively large in 
the range of 42 degrees - 58 degrees of cut angles (they are (0 degree, 
132 degrees - 148 degrees, 0 degree) at an Eulerian angle) so that 
clearly from drawing 26 . 
[0106] 

Therefore, LiTa03 substrate of 42 degrees - 58 degree rotation Y cut 
(they are (0 degree, 132 degrees - 148 degrees, 0 degree) at an Eulerian 
angle) of cut angles is used so that clearly from drawing 26 . By 
forming at least one IDT which consists of metals with a consistency 
higher than Au on this LiTa03 substrate, and making Si02 film into the 
structure formed on the LiTa03 substrate so that IDT might be covered 
further shows that big Q value can be obtained. Preferably, let a cut 
angle be 46. 5 degrees - 53 degree rotation Y cut (for them to be (0 
degree, 136. 5 degrees - 143 degrees, 0 degree) at an Eulerian angle) so 
that clearly from drawing 26 . 
[0107] 

In addition, an adhesion layer may be formed in the top face of IDT in 



this invention. That is, as shown in drawing 27 (a), IDT33 is formed on 
LiTa03 substrate 32, and the adhesion layer 34 may be produced by the 
top face of IDT33. The adhesion layer 34 is arranged between IDT33 and 
Si02 film 35. The adhesion layer 34 is formed in order to raise the 
adhesion reinforcement to IDT33 of Si02 film 35. As an ingredient which 
constitutes such an adhesion layer 34, Pd, aluminum, or these alloys are 
used suitably. Moreover, the adhesion layer 34 may be constituted using 
other ceramics, such as not only a metal but piezoelectric material, 
such as ZnO, and Ta 203 or aluminum 203. Rather than aluminum, the 
adhesion reinforcement of the IDT33 and Si02 film 35 with which a 
consistency consists of a high metal is raised by formation of the 
adhesion layer 34, and film peeling of Si02 film is controlled by it. 
[0108] 

In order not to have effect on a surface acoustic wave at large, as for 
the thickness of the adhesion layer 34, it is desirable to consider as 
about 1% or less of thickness of the wavelength of a surface acoustic 
wave. Moreover, in drawing 27 (a), although the adhesion layer 34 was 
formed in the top face of IDT33, as shown in drawing 27 (b) , adhesion 
layer 34A may be formed on LiTa03 substrate also at an interface with 
Si02 film 35. As furthermore shown in drawing 27 (c) , the adhesion layer 
34 may be formed so that not only the top face of IDT33 but a side face 
may be covered. 
[0109] 

Moreover, as other configurations which improve the adhesion 
reinforcement of Si02 film, in two or more electrodes containing bus 
bars other than IDT, or the pad for connection with the exterior, the 
laminating is carry out on the substrate metal layer which consists 
these two or more electrodes of the same ingredient as IDT, respectively, 
and the substrate metal layer, and what consists of an upper metal layer 
which consists of aluminum or an aluminum alloy may be use. That is, the 
laminating of the aluminum film may be carried out on the substrate 
metal layer which consists of the same ingredient as IDT(s) 23a and 23b 
as an electrode layer which constitutes the reflectors 24a and 24b shown, 
for example in drawing 15 , and this substrate metal layer. Thus, 
adhesion reinforcement with Si02 film is raised by preparing the upper 
metal layer which consists of aluminum or an aluminum alloy. Moreover, 
electrode cost can also be reduced and aluminum wedge bond nature can 
also be raised further. 
[0110] 

In addition, the leading-about electrode formed as electrodes other than 
Above IDT a reflector, a bus bar, and not only the pad for electrode- 



connection with the exterior but if needed is mentioned. Moreover, 
especially as the above-mentioned aluminum alloy, although not limited, 
an aluminum-Ti alloy, an aluminum-nickel-Cr alloy, etc. are mentioned. 
[0111] 

In addition, when IDT which consists of Au when rotation Y cut X 
propagation LiTa03 substrate of Eulerian angles other than a case of the 
example of an experiment mentioned above is used is formed, it is 
confirmed by the invention-in-this-application person etc. that the 
thickness of Si02 film which makes an attenuation coefficient alpha min 
exists. That is, an attenuation coefficient alpha can be made small for 
thickness Hs/lambda of Si02 film like the case of the specific range, 
then the above-mentioned example of an experiment. On the other hand, 
the Eulerian angle when setting thickness Hs/lambda of Si02 film to 0. 1- 
0. 45 and the relation of alpha are shown in drawing 28 -36. It also 
became clear from these drawings that theta of the Eulerian angle from 
which alpha becomes the minimum becomes small as the thickness of Si02 
film became thick. Therefore, even if it is the case where rotation Y 
cut X propagation LiTa03 substrate of other Eulerian angles is used, by 
forming IDT which consists of Au and choosing the thickness of Si02 film 
in the structure which carried out the laminating of the Si02 film, 
compared with conventional surface acoustic wave equipment, the 
frequency temperature characteristic TCF is as good as below one half, 
and can constitute surface acoustic wave equipment with a big reflection 
coefficient greatly [ an electromechanical coupling coefficient ]. It is 
confirmed that it is as a desirable combination of the Eulerian angle of 
LiTa03 substrate which may discover such effectiveness, the electrode 
layer thickness of IDT which consists of Au, and the thickness of Si02 
film being shown by the following Table 16 and 17. 
[0112] 
[Table 16] 
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Hi- ft 
(0±3 , 0 , 0±3 ) 


A U 


S i 0 2 H/f- 


120.0 ^0<123.O 


0.013-0.018 


0. 15-0.45 


123. 0^0 <124. i) 


0.013-0.022 


0. 10-0. 40 


124. 5^0 <125. i> 


0.013—0.025 


0.07-0.40 


125.5 ^0<127.5 


0. 013 — 0. 025 


0.06-0.40 


127.5 ^(9<129.0 


0.013—0.028 


0.04-0. 40 


129,0 ^0<13O.O 


0.017-0.030 


0.03-0.42 


lou.u = a \ i o i . y 


U. Ul / — u. U6\) 


0. 03—0. 42 


131.5° ^ (9 <133. 0° 


0.018-0. 028 


0.05-0.33 


133.0° ^0<135.O° 


0.018-0.030 


0.05-0.30 


135.0° ^(9^137.0° 


0.019-0.032 


0.05-0. 25 


137.0° ^(9^140.0° 


0.019-0.032 


0.05-0.25 



[0113] 
[Table 17] 



iii-ft 
(0 + 3° , 6 , 0 + 3° ) 
<D9 


Aumm 


s i o 2 mm 


129.0° ^<9<130.0° 


0.022-0.028 


0. 04-0. 40 


130.0° ^ 0<131.5° 


0.022-0. 028 


0.04-0.40 


131.5° ^<9<133.0° 


0. 022-0.028 


0.05-0.33 


133.0° < 0 <135.0° 


0. 022-0. 030 


0.05-0.30 


135.0° ^<9<137.0° 


0. 022-0.032 


0.05-0.25 


137. 0° ^ 9 ^140.0° 


0.022-0.032 


0.05-0.25 



[0114] 

In addition, -2 degrees - +4 degrees theta of an Eulerian angle may 
shift from a desired include angle. Since the count result in this 
application specification is calculated from the thing in which the 
metal membrane was formed all over the substrate, with actual surface 



acoustic wave equipment, an error may generate this gap in the above- 
mentioned range. 
[0115] 

After forming IDT which consists of a metal which uses Au as a principal 
component on rotation Y cut X propagation LiTa03 substrate on the 
occasion of manufacture of the surface acoustic wave equipment 
concerning this invention, it is desirable to form Si02 film of the 
thickness of the range which performs frequency regulation in the 
condition and can make an attenuation coefficient alpha small after an 
appropriate time. This is explained with reference to drawing 23 and 
drawing 24 . Drawing 23 shows change of the acoustic velocity of the 
leakage surface acoustic wave at the time of forming IDT which consists 
of Au of various thickness, and Si02 film of various thickness on 36- 
degree rotation Y cut X propagation (they being (0~degree, 126-degree, 0 
degree) at Eulerian angle) LiTa03 substrate. Moreover, drawing 24 shows 
change of the acoustic velocity of the leakage surface acoustic wave at 
the time of changing the standardization thickness of Si02 film formed 
on it, when IDT which consists of Au of various thickness is formed on 
the LiTa03 substrate of the same Eulerian angle. If drawing 23 is 
compared with drawing 24 , change of the acoustic velocity of a surface 
acoustic wave is far larger than the case where the direction at the 
time of changing the thickness of Au changes the thickness of Si02 film 
so that clearly. Therefore, it is desirable to perform frequency 
regulation in advance of formation of Si02 film, for example, after 
forming IDT which consists of Au by laser etching, ion etching, etc. , it 
is desirable to perform frequency regulation. Especially, preferably, if 
the range of the standardization thickness of Au is 0. 015-0. 03, change 
of the acoustic velocity by Si02 film becomes small, and the frequency 
drift by dispersion in Si02 film can be made small. 
[0116] 

In addition, -2 degrees - +4 degrees theta of an Eulerian angle may 
shift from a desired include angle. Since the count result in this 
application specification is calculated from the thing in which the 
metal membrane was formed all over the substrate, with actual surface 
acoustic wave equipment, an error may generate this gap in the above- 
mentioned range. 
[0117] 

Moreover, although **3 degrees phi and psi of an Eulerian angle varied 
from 0 degree at the time of manufacture, the property as a 0-degree 
thing that a property is almost the same was acquired, 
[electrode material is example [ of Ag ]]. 



The surface acoustic wave equipment of this example is the same as the 
surface acoustic wave equipment 21 shown in drawing 15 mentioned above. 
But IDT(s) 23a and 23b are constituted from this example by Ag. 
[0118] 

When IDT(s) 23a and 23b consist of Ag so that it may mention later, as 
for thickness H/lambda standardized on the wavelength of the surface 
acoustic wave of IDT(s) 23a and 23b, 0.01-0.08 are desirable. 
[0119] 

With the surface acoustic wave equipment which this invention requires, 
as mentioned above, IDT(s) 23a and 23b are constituted by Ag on LiTa03 
substrate 22, and this electrode layer thickness of IDT(s) 23a and 23b 
can be made thin. Since LiTa03 substrate of an Eulerian angle is used, 
an attenuation coefficient can be sharply made small, and low loss- 
ization is attained. Moreover, the good frequency temperature 
characteristic is realized by formation of Si02 film 25. This is 
explained based on the concrete example of an experiment. 
[0120] 

The leakage surface acoustic wave (LSAW) other than a Rayleigh wave is 
shown in the surface acoustic wave transmitted in LiTa03 substrate. A 
leakage surface acoustic wave is spread emitting energy in a substrate, 
although the electromechanical coupling coefficient of acoustic velocity 
is large early compared with a Rayleigh wave. Therefore, a leakage 
surface acoustic wave has an attenuation coefficient leading to a 
propagation loss. 
[0121] 

Drawing 36 indicates relation with an electromechanical coupling 
coefficient Ksaw to be standardization thickness H/lambda of Ag film at 
the time of forming IDT which consists of Ag on 36-degree rotation Y cut 
X propagation LiTa03 substrate (they being (0 degree, 126 degrees, 0 
degree) at an Eulerian angle). In addition, lambda shall show the 
wavelength in the center frequency of surface acoustic wave equipment. 
[0122] 

It turns out that thickness H/lambda of Ag film becomes [ an 
electromechanical coupling coefficient Ksaw ] 1. 5 or more times in the 
range of 0. 01-0. 08 compared with the case (H/lambda = 0) where Ag film 
is not formed so that clearly from drawing 36 . Moreover, compared with 
the case where Ag film is not formed for the thickness of Ag film in 
H/lambda =0.02-0.06, it turns out that an electromechanical coupling 
coefficient Ksaw serves as a value of 1. 7 times or more, and thickness 
H/lambda of Ag film serves as a value of 1. 8 times or more in case Ag 
film is not formed in 0. 03-0. 05. 



[0123] 

If standardization thickness H/lambda of Ag film exceeds 0.08, 
production of IDT which consists of Ag film will become difficult. 
Therefore, as for the thickness of IDT which can obtain a big 
electromechanical coupling coefficient, and consists of Ag film since 
production of IDT is easy, it is desirable that it is the range of 0. 01- 
0.08, and it considers as the range of 0.03-0.05 preferably [ it is more 
desirable and ] to 0. 02 to 0. 06, and a pan. 
[0124] 

Next, change of the frequency temperature coefficient TCF at the time of 
forming Si02 film on LiTa03 substrate is shown in drawing 37 . drawing 
37 — an Eulerian angle (0 degree, 113 degrees, 0 degree) — and (0 
degree, 126 degrees, 0 degree) (0 degree, 129 degrees, 0 degree) shows 
the relation between standardization thickness Hs/lambda of Si02 film in 
case Si02 film is formed on three kinds of LiTa03 substrates, and TCF. 
In addition, the electrode is not formed here. 
[0125] 

When theta is any which are 113 degrees, 126 degrees, and 129 degrees so 
that clearly from drawing 37 , it turns out that standardization 
thickness Hs/lambda of Si02 film serves as range whose TCF is -20- 
+20ppm/degree C in the range of 0.15-0.45. But in order for membrane 
formation of Si02 film to take time amount, as for thickness Hs/lambda 
of Si02 film, 0. 15-0.40 are desirable. 
[0126] 

Although it was known that TCF(s), such as a Rayleigh wave, will be 
improved by forming Si02 film on LiTa03 substrate, the electrode which 
consists of Ag is formed on LiTa03 substrate, and there is no report in 
which it actually experimented in consideration of the attenuation 
coefficient of the thickness of the electrode which consists of Ag, the 
thickness of Si02, an Eulerian angle, and a leakage elastic wave in the 
structure which carried out the laminating of the Si02 film further. 
[0127] 

Drawing 38 shows change of the attenuation coefficient alpha when the 
electrode with which standardization thickness H/lambda consists of 0. 10 
or less Ag, and standardization thickness Hs/lambda form Si02 film of 0- 
0. 5 on the LiTa03 substrate of an Eulerian angle (0 degree, 120 degrees, 
0 degree). When thickness Hs/lambda of Si02 film is [ thickness H/lambda 
of 0.2 to 0.40 and Ag film ] 0.01-0. 10 so that clearly from drawing 38 , 
it turns out that the attenuation coefficient alpha is small. 
[0128] 

On the other hand, on the LiTa03 substrate of the Eulerian angle of (0 



degree, 140 degrees, 0 degree), standardization thickness H/larabda forms 
Ag film of 0-0. 10, and drawing 39 shows change of the attenuation 
coefficient alpha when standardization thickness Hs/larabda forms Si02 
film of 0-0. 5 further. 
[0129] 

Though the thickness of Ag film changes the thickness of Si02 film as 
mentioned above or less in 0. 06 when LiTa03 theta= 140-degree substrate 
is used by the Eulerian angle so that clearly from drawing 39 , it turns 
out that an attenuation coefficient alpha is large. 
[0130] 

That is, in order to realize good TCF, a big electromechanical coupling 
coefficient, and a small attenuation coefficient, it turns out that it 
is necessary to combine the cut angle of LiTa03 substrate, i. e. , an 
Eulerian angle, the thickness of Si02 film, and the thickness of the 
electrode which consists of Ag, respectively so that it may be the 
optimal. 
[0131] 

Standardization thickness Hs/lambda of Si02 film is 0. 1, 0. 15, 0. 2, 0. 25, 
0. 3, 0. 35, and 0. 4 or 0. 45, and drawing 40 - drawing 47 show theta when 
standardization thickness H/lambda forms 0. 1 or less Ag film on LiTa03 
substrate, and relation with an attenuation coefficient alpha, 
respectively. 
[0132] 

If the thickness of Si02 film and theta of an Eulerian angle are chosen 
so that it may become one of the combination shown in the following 
table 18 when thickness H/lambda of Ag film is set to 0. 01-0. 08 so that 
clearly from drawing 40 - drawing 47 , the frequency temperature 
characteristic TCF is good, and an electromechanical coupling 
coefficient is large, and it turns out that an attenuation coefficient 
alpha can be controlled effectively. Desirably, a much more good 
property can be acquired by choosing the more desirable Eulerian angle 
on the right-hand side of the following table 18. 
[0133] 
[Table 18] 



A g iJ|H/A : 0 . 0 1-0. 0 8<Dtt 



s \o 2 m 


L iTa0 3 ^7-^ 




0. 15-0. 18 


0±3, 1 1 7-137, 0+3 


0±3, 1 2 0-1 3 5, 0± 3 


0. 1 8-0. 23 


0±3, 11 7-136, 0±3 


0 + 3, 11 8-133, 0+3 


0. 23-0. 28 


0+3, 11 5-1 3 5, 0+3 


0+3, 1 1 7-133, 0±3 


0. 28-0. 33 


0 + 3, 11 3-1 33, 0+3 


0 + 3, 11 5-1 32, 0+3 


0. 33-0. 38 


0±3, 11 3-1 3 5, 0+3 


0+3, 11 5-1 33, 0± 3 


0. 38-0. 40 


0 + 3, 11 3-132, 0+3 


0 + 3, 1 1 5-130, 0+3 



[0134] 

Moreover, if it is more preferably chosen so that the thickness of Si02 
film and theta of an Eulerian angle may become one of the combination 
shown in the following table 19 when the standardization thickness of Ag 
film is 0. 02-0. 06, a much more good property can be acquired much more 
desirable still more desirably by choosing the more desirable Eulerian 
angle on the right-hand side of the following table 19. 
[0135] 
[Table 19] 



A g HJfEH/ A : 0 . 02-0. Q6<Dt% 



i s i ojm 


L iTa0 3 ©xK5-£j 




0. 1 5-0. 1 8 


0± 3, 1 2 0-1 3 3, 0±3 


0+ 3, 1 2 2-1 30, 0±3 


0. 18-0. 2 3 


0+3, 1 2 0-1 3 7, 0±3 


0± 3, 1 2 2-1 36, 0±3 


0. 23-0. 28 


0± 3, 1 2 0-1 3 5, 0+3 


0+ 3, 1 2 2-1 33, 0 + 3 


0. 28-0. 33 


0+3, 11 8-1 3 5, 0 + 3 


0+ 3, 1 2 0-1 3 3, 0+3 


0. 33-0. 38 


0±3, 11 5-1 3 3, 0±3 


0±3, 11 7-130, 0+3 


0. 38-0. 40 


0± 3, 11 3-1 3 0, 0+3 


0 + 3, 11 5-1 2 8, 0 + 3 



[0136] 

If it is chosen still more preferably so that the thickness of Si02 film 
and theta of an Eulerian angle may become one of the combination shown 
in the following table 20 when the standardization thickness of Ag film 
is 0. 03-0. 05, a much more good property can be acquired. Also in this 
case, a property can be further improved by choosing a desirable 
Eulerian angle rather than it is shown in the right-hand side of the 



following table 20. 

[0137] 

[Table 20] 



AgI»H/A : 0. 03-0. 05(Dt% 



s \o 2 mm 


L i TaO 3 0)^7~-% 




0. 1 5-0. 1 8 


0+3, 1 22-142. 0 + 3 


0±3, 1 23-140, 0 + 3 


0. 18-0. 23 


0± 3, 1 2 0-14 0, 0 + 3 


0± 3, 1 2 2-1 3 7, 0+3 


0. 23-0. 28 


0+3, 11 7-1 38, 0±3 


0+3, 1 20-1 3 5, 0±3 


0. 2 8-0. 3 3 


0+3, 11 6-1 36, 0+3 


0 + 3, 1 1. 8-1 3 4, 0 + 3 


0. 33-0. 38 


0± 3, 11 4-1 3 5, 0+3 


0±3, 11 7-1 33, 0±3 


0. 38-0. 40 


0+3, 11 3-1 30, 0 + 3 


0+3, 1 1 5-1 28, 0+3 



[0138] 

In addition, by this invention, although IDT may consist of only Ag, as 
long as Ag is made into a subject, it may consist of layered products of 
Ag alloy, or Ag and other metals. In IDT which makes Ag a subject, 80% 
of the weight or more of the whole IDT should just be Ag. Therefore, 
aluminum thin film and Ti thin film may be formed in the substrate of Ag, 
and 80 % of the weight or more out of the sum total of the thin film of 
a substrate and Ag should just consist of Ag also in this case. 
[0139] 

In the above-mentioned experiment, although LiTa03 substrate of an 
Eulerian angle (0 degree, theta, 0 degree) was used, in the Eulerian 
angle of a substrate ingredient, 0**3-degree dispersion usually occurs 
in phi and psi. Within the limits (0**3 degrees, 113 degrees - 142 
degrees, 0**3 degrees) it is such dispersion, the effectiveness of this 
invention is acquired also in LiTa03 substrate. 
[0140] 

In addition, -2 degrees - +4 degrees theta of an Eulerian angle may 
shift from a desired include angle. Since the count result in this 
application specification is calculated from the thing in which the 
metal membrane was formed all over the substrate, with actual surface 
acoustic wave equipment, an error may generate this gap in the above- 
mentioned range. 
[0141] 

[The example at the time of using Cu as an electrode material] 

If it removed having formed the electrode by Cu, the surface acoustic 

wave equipment shown in drawing 15 like the case where Au is used was 



constituted. Since the electrode is constituted by Cu with a high 
consistency compared with aluminum, an electromechanical coupling 
coefficient and a reflection coefficient can be raised. 
[0142] 

Drawing 58 is drawing showing the reflection factor per electrode layer 
of Cu electrode in case the standardization thickness of Si02 film is 
0. 20, and aluminum electrode, and relation with electrode layer 
thickness. 

Since the reflection factor per electrode finger is raised when the 
electrode which consists of Cu is used compared with the electrode which 
consists of aluminum used conventionally, as shown in drawing 58 , the 
number of the electrode finger in a reflector can also be reduced. 
Therefore, the miniaturization of a reflector, as a result the 
miniaturization of surface acoustic wave equipment can be attained. 
[0143] 

As for thickness H/lambda standardized on the wavelength of the surface 
acoustic wave of IDT(s) 23a and 23b, 0.01-0.08 are desirable so that it 
may mention later. 

Drawing 48 shows change of the attenuation coefficient alpha when the 
electrode with which standardization thickness H/lambda consists of 0. 10 
or less Cu, and standardization thickness Hs/lambda form Si02 film of 0- 
0. 5 on the LiTa03 substrate of an Eulerian angle (0 degree, 120 degrees, 
0 degree). When thickness Hs/lambda of Si02 film is [ thickness H/lambda 
of 0.2 to 0.40 and Cu film ] 0.01-0. 10 so that clearly from drawing 48 , 
it turns out that the attenuation coefficient alpha is small. 
[0144] 

On the other hand, on the LiTa03 substrate of the Eulerian angle of (0 
degree, 135 degrees, 0 degree), standardization thickness H/lambda forms 
Cu film of 0-0. 10, and drawing 49 shows change of the attenuation 
coefficient alpha when standardization thickness Hs/lambda forms Si02 
film of 0-0. 5 further. 
[0145] 

Though the thickness of Cu film and the thickness of Si02 film are 
changed as mentioned above when LiTa03 theta= 135-degree substrate is 
used so that clearly from drawing 49 , it turns out that an attenuation 
coefficient alpha is large. 
[0146] 

That is, in order to realize good TCF, a big electromechanical coupling 
coefficient, and a small attenuation coefficient, it turns out that it 
is necessary to combine the cut angle of LiTa03 substrate, i. e. , an 
Eulerian angle, the thickness of Si02 film, and the thickness of the 



electrode which consists of Cu, respectively so that it may be the 

optimal. 

[0147] 

Standardization thickness Hs/lambda of Si02 film is 0. 1, 0. 15, 0. 2, 0. 25, 
0. 3, 0. 35, and 0. 4 or 0. 45, and drawing 50 - drawing 57 show theta when 
standardization thickness H/ lambda forms 0.08 or less Cu film on LiTa03 
substrate, and relation with an attenuation coefficient alpha, 
respectively. 
[0148] 

If the thickness of Si02 film and theta of an Eulerian angle are chosen 
as shown in the following table 21 when thickness H/lambda of Cu film is 
set to 0. 01-0. 08 so that clearly from drawing 50 - drawing 57 , it 
considers as within the limits whose frequency temperature 
characteristic TCF is **20ppm/degree C, and it is good, and an 
electromechanical coupling coefficient is large, and it turns out that 
an attenuation coefficient alpha can be controlled effectively. 
Desirably, a much more good property can be acquired by choosing the 
more desirable Eulerian angle on the right-hand side of the following 
table 21. 
[0149] 
[Table 21] 



S i () .HftJV 


LiTaO,©t<7-fl 




0. 1 5-0. 1 8 


<0±3, 1 1 7-1 37, 0±3) 


(0± 3. 1 20-1 3 5, 0±3) 


0. 18-0, 23 


(0±3, 117-13 6. 0±3) 


(0±3, 1 18-133, 0+3) 


0. 23-0. 28 


(0+3, 1 1 5-13 5, 0±3) 


(0±3, 1 1 7-1 33, 0±3) 


0. 28-0. 33 


(0+3, 1 1 3-13 3, 0±3) 


(0 + 3, 1 1 5-1 32, 0+3) 


0. 3 3-0. 3 8 


(0± 3, 1 1 3-135, 0+3) 


(0± 3, 115-13 3, 0+3) 


0. 3 8-0. 4 


(0+3, 113-13 2, 0+3) 


(0 + 3, 1 1 5-1 3 0, 0 + 3) 



[0150] 

Moreover, when theta of an Eulerian angle becomes 125 degrees or less so 
that it may be guessed from drawing 25 about Au, it turns out that an 
electromechanical coupling coefficient Ksaw becomes remarkably large. 
Therefore, it turns out that the combination of the standardization 
thickness Hs/lambda of Si02 film and the Eulerian angle which are shown 
in the following table 22 is desirable more preferably. 
[0151] 
[Table 22] 



s \o 2 mm 


L i Ta0 3 ©^--f^"^ 


0. 1 5-0. 1 8 


(0±3, 1 1 7-12 5, 0+3) 


0. 1 8-0. 2 3 


(0+3, 1 1 7-1 2 5, 0±3) 


0. 23-0. 28 


(0 + 3, 1 1 5-12 5, 0±3) 


0, 28-0. 33 


(0+3, 1 1 3-12 5, 0±3) 


0. 33-0. 38 


(0 + 3, 1 1 3-1 2 5, 0±3) 


0. 38-0. 40 


(0+3, 1 1 3-12 5, 0+3) 



[0152] 

Furthermore, the result of having searched for the Eulerian angle from 
which an attenuation coefficient serves as 0 or min, i. e. , thetamin, 
from the result shown in drawing 48 - drawing 56 from standardization 
thickness Hs/lambda of Si02 film and standardization thickness H/lambda 
of Cu film is shown in drawing 59 . 
[0153] 

When standardization thickness H/lambda of Cu film approximates each 
curve shown in drawing 59 in 0, 0. 02, 0. 04, and 0. 06 and 0. 08 by the 
cubic polynomial, following formula A-E is obtained. 

(a) At the time of 0< H/lambda <=0. 01 
thetamin=-139. 713xHs3+43. 07132xHs2 

- 20. 568011xHs+125. 8314 — Formula A 

(b) At the time of 0. OK H/lambda <=0. 03 
thetamin=-139. 660xHs3+46. 02985xHs2 

- 21. 141500xhs+127. 4181 — At the time of formula B(c)0. 03< H/lambda 
<=0. 05 

thetamin=-139. 607xHs3+48. 98838xHs2 

- 21. 714900xHs+129. 0048 — At the time of formula C(d)0. 05< H/lambda 
<=0. 07 

thetamin=-112. 068xHs3+39. 60355xHs2 

- 21. 186000xHs+129. 9397 — At the time of formula D(e)0. 07< H/lambda 
<=0. 09 

thetamin=-126. 954xHs3+67. 40488xHs2 

- 29. 432000xHs+131. 5686 — Formula E 

Therefore, preferably, although it is desirable to be referred to as 
thetamin shown by the formula A mentioned above - Formula E as for theta 
of an Eulerian angle (0**3 degrees, theta, 0**3 degrees), if it is 
thetamin-2 degree< theta<=theta min+2 degree, it can make an attenuation 
coefficient small effectively. 
[0154] 



In addition, although IDT may consist of only Cu(s), as long as Cu is 
made into a subject, it may be constituted from this invention by the 
layered product of Cu alloy, or Cu and other metals. If mean density of 
an electrode is set to rho (average) in IDT which makes Cu a subject 
rho(Cu) xO. 7 <=rho (average) <=rho(Cu) xl. 3 
namely 

6.25 g/cm3 <=rho (average) <= 11.6 g/cm3 

What is necessary is just satisfied. In addition, the laminating of the 
electrode which consists of metals, such as W, Ta, Au, Pt, Ag, or Cr 
with a larger consistency than aluminum, may be carried out so that rho 
(average) of the whole electrode may become the above-mentioned range on 
Cu or in the bottom. Also in such a case, the same effectiveness as the 
case of Cu electrode monolayer is acquired. 
[0155] 

In addition, -2 degrees - +4 degrees theta of an Eulerian angle may 
shift from a desired include angle. Since the count result in this 
application specification is calculated from the thing in which the 
metal membrane was formed all over the substrate, with actual surface 
acoustic wave equipment, an error may generate this gap in the above- 
mentioned range. 
[0156] 

Moreover, although **3 degrees phi and psi of an Eulerian angle varied 

from 0 degree at the time of manufacture, the property as a 0-degree 

thing that a property is almost the same was acquired. 

[The example using the tungsten as an electrode material] 

The surface acoustic wave equipment shown in drawing 15 was constituted 

like the example mentioned above. However, the tungsten constituted IDT 

and a reflector. Standardization thickness H/lambda of IDT was taken as 

the range of 0. 0025-0. 06. 

[0157] 

Moreover, as LiTa03 substrate, LiTa03 substrate of (0 degree, 112 
degrees - 138 degrees, 0 degree) was used by 22 degrees - 48 degree 
rotation Y cut X propagation and the Eulerian angle. 
IDT(s) 3a and 3b which serve as the piezo-electric substrate 22 which 
consists of 22 degrees - 48 degree rotation Y cut X propagation LiTa03 
from the tungsten which is H/lambda =0.0025-0.06 as mentioned above in 
this example, and Hs/lambda = since Si02 film 4 in the range of 0. 10- 
0. 40 is used, the frequency temperature coefficient TCF is small and a 
propagation loss can offer small surface acoustic wave equipment greatly 
[ an electromechanical coupling coefficient Ksaw ]. This is explained 
based on the following concrete examples of an experiment. 



[0158] 

drawing 60 and drawing 61 — an Eulerian angle (0 degree, 120 degrees, 0 
degree) and every of (0 degree, 140 degrees, 0 degree) — it is drawing 
showing the attenuation coefficient at the time of forming IDT which 
consists of a tungsten of various thickness, and Si02 film of various 
thickness on LiTa03 substrate. 
[0159] 

At theta= 120 degrees, it turns out that standardization thickness 
H/larabda of the electrode with which thickness Hs/larabda of Si02 
consists of 0.1-0.40, and a tungsten has a small attenuation coefficient 
in the range of 0. 0-0. 10 so that clearly from drawing 60 . On the other 
hand, at theta= 140 degrees, it turns out that the attenuation 
coefficient is [ standardization thickness H/lambda of the electrode 
which consists of a tungsten ] large regardless of the thickness of Si02 
film in 0.0-0. 10 so that clearly from drawing 61 . 
[0160] 

That is, in order to make TCF small with **20ppm/degree C, and to obtain 
a big electromechanical coupling coefficient and to make an attenuation 
coefficient small, it turns out that three conditions of the thickness 
of the electrode which consists of the thickness and the tungsten of the 
Eulerian angle of LiTa03 substrate and Si02 film must be taken into 
consideration. 
[0161] 

Drawing 62 - drawing 65 show the relation of the theta (degree) and the 
attenuation coefficient at the time of changing standardization 
thickness H/lambda of the electrode layer which consists of 
standardization thickness Hs/lambda and the tungsten of Si02 film. 
[0162] 

In 0.012-0.053, and 0.015-0.042, it becomes as standardization thickness 
H/lambda of the electrode which consists of a tungsten shows the 
thickness of Si02 film, and the relation with optimal theta in the 
following Table 23 and 24, so that clearly from drawing 62 - drawing 65 . 
In addition, this -2 degrees - about +4 degrees optimal theta may vary 
by dispersion in the electrode digit of a wolfram electrode, or 
dispersion of a single crystal substrate. In addition, the thickness 
which is not illustrated is based on proportional distribution among 
drawing. 
[0163] 
[Table 23] 



M<D H/A =0. 012-0.053 (Dt£ 





LiTa0 3 CD*f7~^ 




0. 1-0. 15 


(0±3, 114.2-138,0 + 3) 


(0±3, 117. 7-134,0 + 3) 


0. 15-0.2 


(0 + 3, 113-137.8,0 + 3) 


(0 + 3, 117-133. 5,0 + 3) 


0.2-0.3 


(0 + 3, 113-137.5,0 + 3) 


(0 + 3, 116. 5-133,0 + 3) 


0.3-0.35 


(0 + 3, 112.7-137,0 + 3) 


(0 + 3, 116. 5-133,0 + 3) 


0. 35-0. 4 


(0 + 3, 112.5-136,0 + 3) 


(0 + 3, 116. 5-132.3,0 + 3) 



[0164] 
[Table 24] 

mm<D H/A =0.01 5-0. 042 CO 



SiO, 


LiTa0 3 O^7-ft 


+.D£F£L<te 


0. 1-0. 15 


(0 + 3, 114.3-138,0+3) 


(0 + 3, 117. 7-133. 5, 0 + 3) 


0. 15-0. 2 


(0±3, 113-137.5,0 + 3) 


(0 + 3,117.7-133.5,0 + 3) 


0.2-0.3 


(0 + 3, 112. 5-137,0 + 3) 


(0 + 3, 317-132.5,0 + 3) 


0.3-0.35 


(0 + 3,112.2-136. 5, 0±3) 


(0 + 3,116.8-132.5,0 + 3) 


0.35-0.4 


(0±3, 112-135.3,0 + 3) 


(0 + 3, 116-131.5,0 + 3) 



[0165] 

Namely, in order that thickness H/lambda of the electrode which consists 
of a tungsten may improve the frequency temperature characteristic TCF 
in the case of 0. 012-0. 053 so that it may become within the limits of 
**20ppm/degree C so that clearly from Table 23 and 24 When thickness 
Hs/lambda of Si02 film is made into the range of 0. 1-0.4, it turns out 
that theta in the Eulerian angle of LiTa03 should just choose the range 
of 20 degrees - 50 degrees, and the Eulerian angle more preferably shown 
in Table 23 in the range of 112 degrees - 138 degrees, i.e., an angle of 
rotation. 
[0166] 

In order similarly for the standardization thickness of the electrode 
which consists of tungsten film to be 0.015-0.042, and to improve the 
frequency temperature characteristic TCF so that it may become within 
the limits of **20ppm/degree C so that clearly from Table 24 When 
thickness Hs/lambda of Si02 film is made into the range of 0. 1-0. 4, it 
is good and, as for the Eulerian angle of LiTa03 substrate, it turns out 



that what is necessary is the range of 112 degrees - 138 degrees, then 
just to choose the Eulerian angle of Table 24 according to the thickness 
of Si02 film more preferably. 
[0167] 

Here, as for the range of "the Eulerian angle of LiTa03" in Table 23 and 
24, an attenuation coefficient specifies 0.05 or less range. Moreover, 
an attenuation coefficient specifies the range the Eulerian angle of 
LiTa03 in Table 23 and 24 "is more desirable in the range" or less to 
0. 025. Moreover, it converts and asks for thickness Hs/larabda of Si02 
film in case the standardization thickness of the electrode layer which 
consists of a tungsten is 0. 012, 0. 015, 0. 042, and 0. 053, and the 
relation of an Eulerian angle from the standardization thickness of the 
electrode layer which consists of a tungsten shown in drawing 62 R> 2 - 
drawing 65 , and they are calculating the thickness of Si02 film of 
Table 23 and 24, and the value of an Eulerian angle by it. 
[0168] 

After forming IDT which consists of a metal which uses a tungsten as a 
principal component on rotation Y cut X propagation LiTa03 substrate on 
the occasion of manufacture of the surface acoustic wave equipment 
concerning this invention, it is desirable to form Si02 film of the 
thickness of the range which performs frequency regulation in the 
condition and can make an attenuation coefficient alpha small after an 
appropriate time. This is explained with reference to drawing 66 and 
drawing 67 . Drawing 66 shows change of the acoustic velocity of the 
leakage surface acoustic wave at the time of forming Si02 film of IDT 
which consists of a tungsten of various thickness H/lambda, and various 
thickness Hs/lambda on the rotation Y cut X propagation LiTa03 substrate 
of an Eulerian angle (0 degree, 126 degrees, 0 degree). Moreover, 
drawing 67 shows change of the acoustic velocity of the leakage surface 
acoustic wave at the time of changing standardization thickness 
Hs/lambda of Si02 film formed on it, when IDT which consists of a 
tungsten of various thickness H/lambda is formed on the LiTa03 substrate 
of the same Eulerian angle. If drawing 6666 is compared with drawing 67 , 
change of the acoustic velocity of a surface acoustic wave is far larger 
than the case where the direction at the time of changing the thickness 
of a tungsten changes the thickness of Si02 film so that clearly. 
Therefore, it is desirable to perform frequency regulation in advance of 
formation of Si02 film, for example, after forming IDT which consists of 
a tungsten (W) by laser etching, ion etching, etc. , it is desirable to 
perform frequency regulation. 
[0169] 



In addition, IDT which this invention becomes from 22 degrees - 48 
degree rotation Y cut X propagation, the piezo-electric substrate which 
consists of LiTa03 of (0 degree, 112 degrees - 138 degrees, 0 degree) by 
the Eulerian angle, and the tungsten which is H/larabda =0. 0025-0. 06 as 
mentioned above and Hs/lambda = it is not characterized by having Si02 
film which is 0.10-0.40, and is not limited [ therefore ] especially 
about a number, structure, etc. of IDT. That is, this invention is 
applicable to various surface acoustic wave resonators, a surface 
acoustic wave filter, etc. , as long as not only the surface acoustic 
wave equipment shown in drawing 15 but the above-mentioned conditions 
are fulfilled. 
[0170] 

In addition, -2 degrees - +4 degrees theta of an Eulerian angle may 
shift from a desired include angle. Since the count result in this 
application specification is calculated from the thing in which the 
metal membrane was formed all over the substrate, with actual surface 
acoustic wave equipment, an error may generate this gap in the above- 
mentioned range. 

Moreover, although **3 degrees phi and psi of an Eulerian angle varied 
from 0 degree at the time of manufacture, the property as a 0-degree 
thing that a property is almost the same was acquired. 
[0171] 

[The example at the time of using Ta as an electrode material] 
The surface acoustic wave equipment shown in drawing 15 was constituted. 
However, using the substrate which consists of LiTa03 of (0 degree, 104 
degrees - 148 degrees, 0 degree) by 14 degrees - 58 degree rotation Y 
cut X propagation and the Eulerian angle as a piezoelectric substrate 22, 
the tantalum (Ta) constituted IDT and the standardization thickness 
H/lambda was taken as the range of 0. 004-0. 055. 
[0172] 

The piezo-electric substrate 2 which consists of LiTa03 of (0 degree, 
104 degrees - 148 degrees, 0 degree) as mentioned above in this example 
according to 14 degrees - 58 degree rotation Y cut X propagation and an 
Eulerian angle, IDT(s) 3a and 3b which consist of a tantalum which is 
H/lambda =0.004-0.055, and Hs/lambda = Since Si02 film 4 in the range of 
0. 10-0. 40 is used, The frequency temperature coefficient TCF is small 
and a propagation loss can offer small surface acoustic wave equipment 
greatly [ an electromechanical coupling coefficient Ksaw ]. This is 
explained based on the following concrete examples of an experiment. 
[0173] 

drawing 68 and drawing 69 — an Eulerian angle (0 degree, 120 degrees, 0 



degree) and every of (0 degree, 140 degrees, 0 degree) — it is drawing 
showing the attenuation coefficient at the time of forming IDT which 
consists of a tantalum of various thickness, and Si02 film of various 
thickness on LiTa03 substrate. 
[0174] 

At theta= 120 degrees, it turns out that standardization thickness 
H/lambda of the electrode with which thickness Hs/lambda of Si02 
consists of 0. 1-0. 40, and a tantalum has a small attenuation coefficient 
in the range of 0. 0-0. 10 so that clearly from drawing 68 . On the other 
hand, at theta= 140 degrees, it turns out that the attenuation 
coefficient is [ standardization thickness H/lambda of the electrode 
which consists of a tantalum ] large regardless of the thickness of Si02 
film in 0. 0-0. 06 so that clearly from drawing 69 . 
[0175] 

That is, in order to make the absolute value of TCF small, and to obtain 
a big electromechanical coupling coefficient and to make an attenuation 
coefficient small, it turns out that three conditions of the thickness 
of the electrode which consists of the thickness and the tantalum of the 
Eulerian angle of LiTa03 substrate and Si02 film must be taken into 
consideration. 
[0176] 

Drawing 70 - drawing 73 show the relation of the theta and the 
attenuation coefficient at the time of changing standardization 
thickness H/lambda of the electrode layer which consists of 
standardization thickness Hs/lambda and the tantalum of Si02 film. 
In 0. 01-0. 055, and 0. 016-0. 045, it becomes as standardization thickness 
H/lambda of the electrode which consists of a tantalum shows the 
thickness of Si02 film, and the relation with optimal theta in the 
following Table 25 and 26, so that clearly from drawing 70 - drawing 73 . 
In addition, this -2 degrees - about +4 degrees optimal theta may vary 
by dispersion in the electrode digit of a tantalum electrode, or 
dispersion of a single crystal substrate. 
[0177] 
[Table 25] 



mil© H/A =0.01-0. 055 



SiO 2 0^fe^Jl 


LiTaO,0>*f7-fc 




0. 1-0. 15 


(Q±3, 110. 5-148,0 + 3) 


(0 + 3, 116-143,0 + 3) 


0. 15-0. 2 


(0±3, 108-147. 5, 0±3) 


(0 + 3,115-141.5,0 + 3) 


0. 2-0. 3 


(0 + 3,105-148,0 + 3) 


(0±3, 11 1-139, 0±3) 


0.3-0.35 


(0±3, 104.5-148,0 + 3) 


(0 + 3, 111-139,0 + 3) 


0.35-0.4 


(0 + 3, 104-145,0 + 3) 


(0 + 3, 110-138.5,0 + 3) 



[0178] 
[Table 26] 



1&M<n H/A =0. 016-0.045 <Dt% 





LiTa0 3 C0+<7-^ 




0. 1-0. 15 


(0 + 3, 113-144,0 + 3) 


(0±3, 118-140, 0±3) 


0. 15-0. 2 


(0±3, 111-144,0 + 3) 


(0 + 3, 117-139. 5, 0±3) 


0. 2-0.3 


(0±3, !08-144,0±3) 


(0 + 3, 113-139, 0±3) 


0.3-0.35 


(0 + 3, 107. 5-143, 0±3) 


(0 + 3, 112. 5-137, 0±3) 


0.35-0.4 


(0±3, 107- 140. 5, 0±3) 


(0±3, 112-135. 5, 0±3) 



[0179] 

Namely, in order that thickness H/lambda of the electrode which consists 
of a tantalum may improve in the case of 0. 01-0. 055 so that the 
frequency temperature characteristic TCF may be made into within the 
limits of **20ppm/degree C so that clearly from Table 25 and 26 When 
standardization thickness of Si02 film is made into the range of 0. 1-0. 4, 
theta in the Eulerian angle of LiTa03 It turns out in the range of 104 
degrees - 148 degrees, i. e. , an angle of rotation, that what is 
necessary is just to choose the range of 14 degrees - 58 degrees, and 
the Eulerian angle more preferably shown in Table 25 according to 
thickness Hs/lambda of Si02. 
[0180] 

Similarly, the standardization thickness of the electrode which consists 
of tantalum film is 0.016-0.045, and in order to improve the frequency 
temperature characteristic TCF, when thickness Hs/lambda of Si02 film is 



made into the range of 0. 1-0. 4, it is good and, as for the Eulerian 
angle of LiTa03 substrate, it turns out that what is necessary is the 
range of 107 degrees - 144 degrees, then just to choose the Eulerian 
angle of Table 26 according to thickness Hs/larabda of Si02 film more 
preferably, so that clearly from Table 26. 
[0181] 

As for the range of the Eulerian angle of LiTa03, an attenuation 
coefficient specifies 0. 05 or less range. Moreover, an attenuation 
coefficient specifies the more desirable range of the Eulerian angle of 
LiTa03 in Table 25 and 26 or less to 0. 025. Moreover, it converts and 
asks for thickness Hs/lambda of Si02 film in case the standardization 
thickness of the electrode layer which consists of a tantalum is 0. 012, 
0. 015, 0. 042, and 0. 053, and the relation of an Eulerian angle from the 
standardization thickness of the electrode layer which consists of a 
tantalum shown in drawing 70 - drawing 73 , and they are calculating 
thickness Hs/lambda of Si02 film of Table 25 and 26, and the value of an 
Eulerian angle. 
[0182] 

After forming IDT which consists of a metal which uses a tantalum as a 
principal component on rotation Y cut X propagation LiTa03 substrate on 
the occasion of manufacture of the surface acoustic wave equipment 
concerning this invention, it is desirable to form Si02 film of the 
thickness of the range which performs frequency regulation in the 
condition and can make an attenuation coefficient alpha small after an 
appropriate time. This is explained with reference to drawing 74 and 
drawing 75 . Drawing 74 shows the relation between standardization 
thickness H/lambda of a tantalum at the time of forming IDT and Si02 
film which consists of a tantalum on the rotation Y cut X propagation 
LiTa03 substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree), 
standardization thickness Hs/lambda of Si02 film, and the acoustic 
velocity of a leakage surface acoustic wave. Moreover, drawing 75 shows 
change of the acoustic velocity of the leakage surface acoustic wave at 
the time of changing the standardization thickness of Si02 film which 
forms IDT which consists of a tantalum of various thickness on the 
LiTa03 substrate of the same Eulerian angle, and is formed on it. If 
drawing 74 R> 4 is compared with drawing 75 , change of the acoustic 
velocity of a surface acoustic wave is far larger than the case where 
the direction at the time of changing the thickness of a tantalum 
changes the thickness of Si02 film so that clearly. Therefore, it is 
desirable to perform frequency regulation in advance of formation of 
Si02 film, for example, after forming IDT which consists of a tantalum 



by laser etching, ion etching, etc. , it is desirable to perform 

frequency regulation. 

[0183] 

In addition, IDT which this invention becomes from 14 degrees - 58 
degree rotation Y cut X propagation, the piezo-electric substrate which 
consists of LiTa03 of (0 degree, 104 degrees - 148 degrees, 0 degree) by 
the Eulerian angle, and the tantalum which is H/lambda =0. 004-0. 055 as 
mentioned above and Hs/lambda = it is not characterized by having Si02 
film which is 0.10-0.40, and is not limited [ therefore ] especially 
about a number, structure, etc. of IDT. That is, this invention is 
applicable to various surface acoustic wave resonators, a surface 
acoustic wave filter, etc. , as long as not only the surface acoustic 
wave equipment shown in drawing 15 but the above-mentioned conditions 
are fulfilled. 
[0184] 

In addition, -2 degrees - +4 degrees theta of an Eulerian angle may 
shift from a desired include angle. Since the count result in this 
application specification is calculated from the thing in which the 
metal membrane was formed all over the substrate, with actual surface 
acoustic wave equipment, an error may generate this gap in the above- 
mentioned range. 

Moreover, although **3 degrees phi and psi of an Eulerian angle varied 
from 0 degree at the time of manufacture, the property as a 0-degree 
thing that a property is almost the same was acquired. 
[0185] 

[The example using platinum as an electrode material] 
The piezo-electric substrate which consists of LiTa03 substrate of (0 
degree, 90 degrees - 169 degrees, 0 degree) the surface acoustic wave 
equipment shown in drawing 15 by 0 degree - 79 degree rotation Y cut X 
propagation and the Eulerian angle, and H/lambda = it constituted using 
IDT which consists of platinum which is 0.005-0.054. Other points are 
the same as the example mentioned above. 
[0186] 

Also in this example, since it has the above-mentioned configuration, 
the frequency temperature coefficient TCF is small and a propagation 
loss can offer small surface acoustic wave equipment greatly [ an 
electromechanical coupling coefficient Ksaw ]. This is explained based 
on the following concrete examples of an experiment. 
[0187] 

drawing 76 and drawing 77 — an Eulerian angle (0 degree, 125 degrees, 0 
degree) and every of (0 degree, 140 degrees, 0 degree) — it is drawing 



showing the attenuation coefficient at the time of forming IDT which 
consists of platinum of various thickness, and Si02 film of various 
thickness on LiTa03 substrate. 
[0188] 

At theta= 125 degrees, it turns out that standardization thickness 
H/lambda of the electrode with which thickness Hs/lambda of Si02 
consists of 0.1-0.40, and platinum has a small attenuation coefficient 
in the range of 0. 005-0. 06 so that clearly from drawing 76 . On the 
other hand, at theta= 140 degrees, it turns out that the attenuation 
coefficient is [ standardization thickness H/lambda of the electrode 
which consists of platinum ] large regardless of thickness Hs/lambda of 
Si02 film in 0.005-0.06 so that clearly from drawing 77 . 
[0189] 

That is, in order to make the absolute value of TCF small, and to obtain 
a big electromechanical coupling coefficient and to make an attenuation 
coefficient small, it turns out that three conditions of the thickness 
of the electrode which consists of the thickness and platinum of the 
Eulerian angle of LiTa03 substrate and Si02 film must be taken into 
consideration. 
[0190] 

Drawing 78 - drawing 83 show the relation between theta (degree) of an 
Eulerian angle at the time of changing standardization thickness 
H/lambda of the electrode layer which consists of standardization 
thickness Hs/lambda and platinum of Si02 film, and an attenuation 
coefficient. 
[0191] 

It turns out that it is desirable for standardization thickness H/lambda 
of the electrode which consists of platinum to make theta the range of 
90 degrees - 169 degrees in 0.005-0.054 so that clearly from drawing 78 
- drawing 83 . Moreover, if standardization thickness H/lambda of the 
electrode which consists of platinum also takes into consideration that 
the relation between thickness Hs/lambda of Si02 film and optimal theta 
reduces an attenuation coefficient alpha in 0. 01-0. 04, and 0. 013-0. 033, 
it will become as shown in the following Table 27 and 28. Here, as for 
the range of "the Eulerian angle of LiTa03" in Table 27 and 28, an 
attenuation coefficient specifies the range of 0.05 or less dB/lambda. 
Moreover, as for the range the Eulerian angle of LiTa03 in Table 27 and 
28 "is more desirable in the range", an attenuation coefficient 
specifies the range of 0. 025 or less dB/lambda. In addition, this -2 
degrees - about +4 degrees optimal theta may vary by dispersion in the 
electrode digit of a platinum electrode, or dispersion of a single 



crystal substrate. 
[0192] 

Moreover, although **3 degrees phi and psi of an Eulerian angle varied 
from 0 degree at the time of manufacture, the property as a 0-degree 
thing that a property is almost the same was acquired. 
[0193] 
[Table 27] 



H/A =0, 01-0. 04 <Dt% 



Si0,/¥<Hs/A) 


-t^ 




0. 1 £ Hs/A<0. 15 


(0±3° ,90° — 1 69° ,0 + 3° ) 


(0 + 3° , 105° -153° ,0±3° ) 


0. 15^ Hs/A<0.2 


(0±3° ,90° -167° ,0±3 S ) 


(0±3° ,105' — 152" ,0±3° ) 


0.20^ Hs/A <0. 25 


(0±3° ,90° -167° ,Q±3° ) ! (0±3° ,107° -152° ,0 + 3° ) 


0.25^ Hs/A<0.3 


(0±3° ,90° -164° ,0*3° ) 


(0±3° ,104° -151° ,0 + 3° ) 


0.3 £ Hs/A<0.4 


(0±3° ,90" -163° ,0±3° ) 


(Q±3° , 1 05 c -150° ,0±3° ) 



[0194] 
[Table 28] 



0& H/A =0.013-0.033 0 1£ 



S10,JP (Hs/A) 






0. 1 £ Hs/A<0. 15 


<0±3° ,106" -155° ,0±3° ) 


(0±3° ,116° -147.5° ,0±3° ) 


0.1 5S Hs/A<0, 2 


(0±3° , 104" -L55" , 0±3° ) 


(0±3° ,113.5° -150° ,0±3° ) 


0. Hs/A <0. 25 


(0 + 3° . 102° -155 s ,0 + 3° ) 


(0 + 3° ,111.5° -150° ,0±3° ) 


0.25£ Hs/A<0.3 


(0±3° . 102° -154° ,G±3° ) 


(0±3° , 112° -146° ,0±3° ) 


0.3 < Hs/A<0.4 


(0±3° , 102° -153° ,0±3° ) 


(0±3° ,110° -144.5° ,0±3° ) 



[0195] 

Namely, in order that thickness H/lambda of the electrode which consists 
of platinum may improve the frequency temperature characteristic TCF in 
the case of 0. 01-0. 04 so that it may become within the limits of 
**20ppm/degree C so that clearly from Table 27 and 28 When thickness 
Hs/lambda of Si02 film is made into the range of 0. 1-0. 4, it turns out 
that theta in the Eulerian angle of LiTa03 should just choose the range 
of 0 degree - 79 degrees in the range of 90 degrees - 169 degrees, i. e. , 
an angle of rotation. 
[0196] 

In order similarly for the standardization thickness of the electrode 
which consists of platinum film to be 0.01-0.04, and to improve the 



frequency temperature characteristic TCF so that it may become within 
the limits of **20ppm/degree C so that clearly from Table 27 When 
thickness Hs/lambda of Si02 film is made into the range of 0. 1-0. 4, it 
is good and, as for theta of the Eulerian angle of LiTa03 substrate, it 
turns out that what is necessary is the range of 90 degrees - 169 
degrees, then just to choose the Eulerian angle of Table 27 according to 
the thickness of Si02 film more preferably. 
[0197] 

In order similarly for the standardization thickness of the electrode 
which consists of platinum film to be 0.013-0.033, and to improve the 
frequency temperature characteristic TCF so that it may become the range 
of **20ppm/degree C When thickness Hs/lambda of Si02 film is made into 
the range of 0. 1-0. 4, it is good and, as for theta of the Eulerian angle 
of LiTa03 substrate, it turns out more preferably that what is necessary 
is the range of 102 degrees - 150 degrees, then just to choose the 
Eulerian angle of Table 28 according to thickness Hs/lambda of Si02 film. 
[0198] 

Moreover, it converts and asks for the thickness of Si02 film in case 
the standardization thickness of the electrode layer which consists of 
platinum is 0. 013-0. 033, and the relation of an Eulerian angle from the 
standardization thickness of the electrode layer which consists of 
platinum shown in drawing 78 - drawing 83 , and they are calculating 
thickness Hs/lambda of Si02 film of Table 27 and 28, and the value of an 
Eulerian angle by it. 
[0199] 

After forming IDT which consists of a metal which uses platinum as a 
principal component on rotation Y cut X propagation LiTa03 substrate on 
the occasion of manufacture of the surface acoustic wave equipment 
concerning this invention, it is desirable to form Si02 film of 
thickness Hs/lambda of the range which performs frequency regulation in 
the condition and can make an attenuation coefficient alpha small after 
an appropriate time. This is explained with reference to drawing 84 and 
drawing 85 . Drawing 84 shows change of the acoustic velocity of the 
leakage surface acoustic wave at the time of forming Si02 film of IDT 
which consists of platinum of various thickness H/lambda, and various 
thickness Hs/lambda on the rotation Y cut X propagation LiTa03 substrate 
of an Eulerian angle (0 degree, 126 degrees, 0 degree). Moreover, 
drawing 85 shows change of the acoustic velocity of the leakage surface 
acoustic wave at the time of changing standardization thickness 
Hs/lambda of Si02 film formed on it, when IDT which consists of platinum 
of various thickness H/lambda is formed on the LiTa03 substrate of the 



same Eulerian angle. If drawing 84 is compared with drawing 85 , change 
of the acoustic velocity of a surface acoustic wave is far larger than 
the case where the direction at the time of changing the thickness of 
platinum changes the thickness of Si02 film so that clearly. Therefore, 
it is desirable to perform frequency regulation in advance of formation 
of Si02 film, for example, after forming IDT which consists of platinum 
by laser etching, ion etching, etc. , it is desirable to perform 
frequency regulation. 
[0200] 

In addition, IDT which this invention becomes from 0 degree - 79 degree 
rotation Y cut X propagation, the piezo-electric substrate which 
consists of LiTa03 of (0 degree, 90 degrees - 169 degrees, 0 degree) by 
the Eulerian angle, and the platinum which is H/lambda =0. 005-0. 054 as 
mentioned above and Hs/lambda = it is not characterized by having Si02 
film which is 0.10-0.40, and is not limited [ therefore ] especially 
about a number, structure, etc. of IDT. That is, this invention is 
applicable to various surface acoustic wave resonators, a surface 
acoustic wave filter, etc. , as long as not only the surface acoustic 
wave equipment shown in drawing 1 but the above-mentioned conditions are 
fulfilled. 
[0201] 

[The example using nickel and molybdenum as an electrode material] 

The surface acoustic wave equipment shown in drawing 15 was constituted. 

Nickel or molybdenum was used as an electrode material. Moreover, LiTa03 

substrate of (0 degree, 104 degrees - 140 degrees, 0 degree) was used as 

a piezoelectric substrate by 14 degrees - 50 degree rotation Y cut X 

propagation and the Eulerian angle. Other points are the same. 

[0202] 

IDT(s) 23a and 23b and Reflectors 25a and 25b are constituted by the 
metal 1.8x1011 to 4xl011Ns/m2, and whose transverse-wave acoustic 
velocity 8700 - 10300 kg-m3 and Young' s modulus are 3170-3290m/second 
for a consistency. As such a metal, the alloy which makes nickel, 
molybdenum, or these a subject is mentioned. 
[0203] 

Let standardization thickness H/lambda (wavelength [ in / H and / in 
lambda / center frequency ] is shown) of IDT(s) 23a and 23b be the range 
of 0. 008-0. 06. [ the thickness of IDT ] 

The piezo-electric substrate 22 which consists of LiTa03 of (0 degree, 
104 degrees - 140 degrees, 0 degree) as mentioned above in this example 
according to 14 degrees - 50 degree rotation Y cut X propagation and an 
Eulerian angle, IDT(s) 23a and 23b which are H/lambda =0.008-0.06 and 



consist of the above-mentioned specific metal, and Hs/lambda = Since 
Si02 film 24 in the range of 0. 10-0.40 is used, It is made small so that 
the frequency temperature coefficient TCF may become within the limits 
which is **20ppm/degree C, and a propagation loss can offer small 
surface acoustic wave equipment greatly [ an electromechanical coupling 
coefficient Ksaw ]. This is explained based on the following concrete 
examples of an experiment. 
[0204] 

drawing 86 and drawing 87 — an Eulerian angle (0 degree, 120 degrees, 0 
degree) and every of (0 degree, 140 degrees, 0 degree) — it is drawing 
showing the attenuation coefficient at the time of forming IDT which 
consists of nickel of various thickness, and Si02 film of various 
thickness Hs/lambda on LiTa03 substrate. 
[0205] 

At theta= 120 degrees, it turns out that standardization thickness 
H/lambda of the electrode with which thickness Hs/lambda of Si02 
consists of 0.1-0.40, and nickel has a small attenuation coefficient in 
the range of 0. 008-0. 08 so that clearly from drawing 86 . On the other 
hand, at theta= 140 degrees, it turns out that the attenuation 
coefficient is [ standardization thickness H/lambda of the electrode 
which consists of nickel ] large regardless of the thickness of Si02 
film in 0.008-0.08 so that clearly from drawing 87 . 
[0206] 

drawing 88 and drawing 89 — an Eulerian angle (0 degree, 120 degrees, 0 
degree) and every of (0 degree, 140 degrees, 0 degree) — it is drawing 
showing change of the attenuation coefficient at the time of forming IDT 
which consists of Mo of various thickness, and Si02 film of various 
thickness Hs/lambda on LiTa03 substrate. 
[0207] 

At theta= 120 degrees, it turns out that standardization thickness 
H/lambda of the electrode with which thickness Hs/lambda of Si02 
consists of 0.1-0.40, and Mo has a small attenuation coefficient in the 
range of 0. 008-0. 08 so that clearly from drawing 88 . On the other hand, 
at theta= 140 degrees, it turns out that the attenuation coefficient is 
[ standardization thickness H/lambda of the electrode which consists of 
Mo ] large regardless of thickness Hs/lambda of Si02 film in 0.008-0.08 
so that clearly from drawing 89 . 
[0208] 

That is, in order to make the absolute value of TCF small, and to obtain 
a big electromechanical coupling coefficient and to make an attenuation 
coefficient small, it turns out that three conditions of the thickness 



of the electrode which consists of a metal of thickness Hs/larabda of the 
Eulerian angle of LiTa03 substrate and Si02 film and the above-mentioned 
specific consistency, Young' s modulus, and the transverse-wave acoustic- 
velocity range must be taken into consideration. 
[0209] 

Drawing 90 - drawing 93 show the relation of the theta (degree) and the 
attenuation coefficient at the time of changing standardization 
thickness H/lambda of the electrode layer which consists of 
standardization thickness Hs/lambda and nickel of Si02 film. 
Drawing 94 - drawing 97 show the relation of the theta (degree) and the 
attenuation coefficient at the time of changing standardization 
thickness H/lambda of the electrode layer which consists of 
standardization thickness Hs/lambda and Mo of Si02 film. 
[0210] 

In 0.008 to 0.06, 0.017-0.06, and 0.023-0.06, it becomes as 
standardization thickness H/lambda of the electrode which consists of 
nickel or Mo shows the thickness of Si02 film, and the relation with 
optimal theta in the following table 29, so that clearly from drawing 90 
- drawing 97 . In addition, this -2 degrees - about +4 degrees optimal 
theta may vary by dispersion in the electrode digit of an electrode, or 
dispersion of a single crystal substrate. 
[0211] 

Moreover, although **3 degrees phi and psi of an Eulerian angle varied 
from 0 degree at the time of manufacture, the property as a 0-degree 
thing that a property is almost the same was acquired. 
[0212] 
[Table 29] 



SiO, 






0.1-0.2 


(0+3° ,105° - 140° ,0±3° ) 


(0±3° ,110° -135° ,0+3° ) 


0.2-0.3 


(0+3° ,105° - 140° ,0±3° ) 


(0±3° ,108° -135° ,0±3° ) 


0. 3-0.4 


(0+3° ,104° - 139° ,0±3° ) 


(0±3° ,108° -133° ,0+3° ) 



[0213] 

Moreover, optimal thickness H/lambda of the electrode which consists of 
nickel shown by drawing 90 - drawing 93 = the relation between the 
thickness of Si02 film in 0.008 to 0.06, 0.02-0.06, and 0.027-0.06 and 
optimal theta becomes as it is shown in the following table 30. 



[0214] 
[Table 30] 



Si0 2 


ir1 y-ft 




0. 1-0. 2 


(0+3° ,106° - 140= ,0±3 C ) 


(0+3° ,110° -135° ,0+3° ) 


0.2-0.3 


(0±3 C ,105° - 137° ,0±3° ) 


(0±3° ,108° -134° ,0+3° ) 


0.3-0.4 


(0±3° ,104° - 133° ,0±3° ) 


(0±3° ,108° -132° ,0±3° ) 



[0215] 

Moreover, optimal thickness H/lambda of the electrode which consists of 
Mo shown in drawing 94 - drawing 97 = the thickness of Si02 film in 
0.008 to 0.06, 0.017-0.06, and 0.023-0.06 and the relation with optimal 
theta become as they are shown in the following table 31. 
[0216] 
[Table 31] 



SiO, 






0. 1-0.2 


(0±3° ,107° - 141° ,0±3° ) 


(0±3° ,110° -135° ,0±3° ) 


0.2-0.3 


(0±3° ,104° - 141° ,0+3° ) 


(0±3° ,109° -135° ,0±3° ) 


0.3-0. 4 


(0 + 3° ,104 D - 138° ,0±3° ) 


(0±3° ,108° -133° ,0±3° ) 



[0217] 

Thickness H/lambda of the electrode which consists of a metal of the 
above-mentioned specific consistency, Young' s modulus, and the 
transverse-wave acoustic-velocity range so that clearly from Table 29 
namely, by 0. 008 to 0. 06, 0. 017-0. 06, and 0. 023-0. 06 In order to improve 
the frequency temperature characteristic TCF so that it may become 
within the limits of **20ppm/degree C, when thickness of Si02 film is 
made into the range of 0. 1-0. 4, theta in the Eulerian angle of LiTa03 It 
turns out in the range of 104 degrees - 140 degrees, i. e. , an angle of 
rotation, that what is necessary is just to choose the range of 14 
degrees - 50 degrees, and the Eulerian angle more preferably shown in 
Table 29. 
[0218] 

In order similarly to improve the frequency temperature characteristic 
TCF so that it may become within the limits of **20ppm/degree C when 



standardization thickness H/lambda of the electrode which consists of 
nickel film is 0.008 to 0.06, 0.02-0.06, and 0.027-0.06 It turns out 
that theta [ in / according to thickness Hs/larabda of Si02 film of 0. 1- 
0. 4 / in Hs/larabda / the Eulerian angle of LiTa03 substrate ] should 
just choose the range of 104 degrees - 140 degrees, then the Eulerian 
angle good and shown in Table 30 according to thickness Hs/larabda of 
Si02 film more preferably. 
[0219] 

In order similarly to improve the frequency temperature characteristic 
TCF so that it may become within the limits of **20ppm/degree C when 
standardization thickness H/lambda of the electrode which consists of Mo 
film is 0.008 to 0.06, 0.02-0.06, and 0.027-0.06 It turns out that theta 
[ in / according to thickness Hs/lambda of Si02 film of 0. 1-0.4 / in 
Hs/lambda / the Eulerian angle of LiTa03 substrate ] should just choose 
the range of 104 degrees - 141 degrees, then the Eulerian angle good and 
shown in Table 31 according to thickness Hs/lambda of Si02 film more 
preferably. 
[0220] 

Here, as for the range of "the Eulerian angle of LiTa03" in Table 29 - 
31, an attenuation coefficient alpha specifies the range of 0. 1 or less 
dB/lambda. Moreover, as for the range the Eulerian angle of LiTa03 in 
Table 29 - 31 "is more desirable in the range", an attenuation 
coefficient specifies the range of 0.05 or less dB/lambda. Moreover, it 
converts and asks for thickness Hs/lambda of Si02 film in case the 
standardization thickness of the above-mentioned electrode layer is 
0. 095, 0. 017, and 0. 023, and the relation of an Eulerian angle from the 
standardization thickness of the electrode layer which consists of 
nickel or Mo shown in drawing 90 - drawing 97 , and they are calculating 
the thickness of Si02 film of Table 29 - 31, and the value of an 
Eulerian angle by it. 
[0221] 

After forming IDT which consists of the above-mentioned specific metal 
of nickel, Mo, etc. on rotation Y cut X propagation LiTa03 substrate on 
the occasion of manufacture of the surface acoustic wave equipment 
concerning this invention, it is desirable to form Si02 film of the 
thickness of the range which performs frequency regulation in the 
condition and can make an attenuation coefficient alpha small after an 
appropriate time. This is explained with reference to drawing 98 - Fig. 
101 . Drawing 98 and drawing 100 show change of the acoustic velocity of 
the leakage surface acoustic wave at the time of forming Si02 film of 
IDT which consists of nickel or Mo of various thickness H/lambda, and 



various thickness Hs/larabda on the rotation Y cut X propagation LiTa03 
substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree). 
Moreover, drawing 99 and drawing 101 show change of the acoustic 
velocity of the leakage surface acoustic wave at the time of changing 
standardization thickness Hs/lambda of Si02 film formed on it, when IDT 
which consists of nickel or Mo of various thickness H/larabda is formed 
on the LiTa03 substrate of the same Eulerian angle. If drawing 98 , 
drawing 99 , and drawing 100 and drawing 101 are compared, change of the 
acoustic velocity of a surface acoustic wave is far larger than the case 
where the direction at the time of changing the thickness of an 
electrode changes the thickness of Si02 film so that clearly. Therefore, 
it is desirable to perform frequency regulation in advance of formation 
of Si02 film, for example, after forming IDT which consists of nickel or 
Mo by laser etching, ion etching, etc. , it is desirable to perform 
frequency regulation. 
[0222] 

In addition, the piezo-electric substrate with which this invention 
consists of LiTa03 of (0 degree, 104 degrees - 140 degrees, 0 degree) as 
mentioned above by 14 degrees - 50 degree rotation Y cut X propagation 
and the Eulerian angle, H/lambda = IDT which consists of a metal of the 
above-mentioned specific consistency of nickel, Mo, etc. which are 
0. 008-0. 06, Young' s modulus, and the transverse-wave acoustic-velocity 
range, Hs/lambda = it is not characterized by having Si02 film which is 
0.10-0.40, and is not limited [ therefore ] especially about a number, 
structure, etc. of IDT. That is, this invention is applicable to various 
surface acoustic wave resonators, a surface acoustic wave filter, etc. , 
as long as not only the surface acoustic wave equipment shown in drawing 
15 but the above-mentioned conditions are fulfilled. 
[0223] 

[Effect of the Invention] 

In the remaining fields except the field in which the IDT electrode is 
formed with the surface acoustic wave equipment concerning the 1st 
invention In the configuration in which the 1st insulating material 
layer which was in an IDT electrode, abbreviation, etc. by carrying out, 
and was formed in thickness is prepared, and the 2nd insulating material 
layer is prepared so that an IDT electrode and the 1st insulating 
material layer may be covered Since an IDT electrode consists of an 
alloy which uses the metal or this metal of high density as a principal 
component rather than the consistency of the 1st insulating material 
layer, the reflection coefficient of an IDT electrode can be made into 
sufficient magnitude. Therefore, the good surface acoustic wave 



equipment of the frequency temperature characteristic which degradation 
of the property by the ripple which is not a request cannot produce 
easily can be offered. 
[0224] 

In addition, since an IDT electrode and the 1st insulating material 
layer are in abbreviation etc. by carrying out, and it considers as 
thickness, and the laminating of the 2nd insulating material layer is 
carried out so that an IDT electrode and the 1st insulating material 
layer may be covered, flattening of the outside surface of the 2nd 
insulating material layer can be carried out, and it is hard to produce 
degradation of the property by the irregularity of the 2nd insulating 
material layer front face by it. 
[0225] 

With the surface acoustic wave equipment concerning the 2nd invention, 
the 1st insulating material layer of thickness almost equal to an IDT 
electrode is prepared in the remaining fields except the field in which 
the IDT electrode is formed, the protection metal membrane which 
consists of a metal or an alloy excellent in corrosion resistance is 
prepared on the IDT electrode rather than the metal or the alloy which 
constitutes an IDT electrode, and the 2nd insulating material layer is 
formed so that the protection metal membrane and 1st insulating material 
layer top may be covered. Therefore, since the IDT electrode is covered 
with the protection metal layer and the 1st insulating material layer, 
it is hard to produce the corrosion of an IDT electrode with the resist 
exfoliation liquid at the time of exfoliating a resist with a 
photolithography technique. Therefore, although it is easy to be 
corroded by resist exfoliation liquid, such as Cu, a consistency can 
constitute an IDT electrode using sufficiently big metal or alloy 
compared with aluminum, and can control degradation of the property of 
surface acoustic wave equipment effectively. 
[0226] 

In the 1st and 2nd invention, when the 1st and 2nd insulating material 
layer is constituted by Si02, according to this invention, the surface 
acoustic wave equipment with which the frequency temperature 
characteristic TCF has been improved can be offered. 
[0227] 

When an IDT electrode consists of an alloy which uses Cu or Cu as a 
principal component, compared with aluminum used widely as an electrode 
material of surface acoustic wave equipment from the former, the surface 
acoustic wave equipment which followed the 1st and 2nd invention since 
the consistency was large can be constituted easily, and the IDT 



electrode of sufficient reflection coefficient can be formed easily. 
[0228] 

By the manufacture approach concerning the 3rd invention, after forming 
the 1st insulating material layer in the piezoelectric substrate 2 The 
insulating material layer of the part in which an IDT electrode is 
formed using a resist pattern is removed. The laminated structure of the 
1st insulating material layer and a resist remains to the remaining 
fields. Next By forming the electrode layer which uses the metal or this 
metal of high density as a principal component rather than aluminum in 
the field to which the 1st insulating material layer is removed, an IDT 
electrode is formed and the resist which remains on the 1st insulating 
material layer is removed after an appropriate time. And since the 2nd 
insulating material layer is formed so that a 1st insulating material 
layer and IDT electrode top may be covered, it is hard to produce the 
irregularity on the top face of the 2nd insulating material layer. 
Therefore, it is hard to produce degradation of the property by the 
irregularity of the 2nd insulating material layer front face. In 
addition, since an IDT electrode consists of an alloy which uses the 
metal or this metal of high density as a principal component rather than 
aluminum, the reflection coefficient of an IDT electrode is raised and 
degradation of the property by the ripple which is not a request can be 
controlled. 
[0229] 

Moreover, according to the 4th invention, after forming an IDT electrode, 
the protection metal membrane which consists of a metal or an alloy 
excellent in corrosion resistance is formed, and the protection metal 
membrane by which the laminating is carried out on the resist on the 1st 
insulating material layer and this resist is removed from the metal or 
alloy which constitutes an IDT electrode after an appropriate time. 
Therefore, since it faces that resist exfoliation liquid performs this 
removal process, and the side face of an IDT electrode is covered with 
the 1st insulating material layer and the top face is covered with the 
protection metal layer, it is hard to produce the corrosion of an IDT 
electrode. 
[0230] 

Therefore, it becomes possible to offer the surface acoustic wave 
equipment concerning the 2nd invention, without causing the corrosion of 
an IDT electrode. 

According to the 5th invention, after forming an electrode on a piezo- 
electric substrate, and forming an insulating material layer so that 
this electrode may be covered, flattening of the irregularity of the 



front face of the insulating material layer above the part in which an 
electrode exists, and the part not existing is carried out. Therefore, 
it is hard to produce degradation of the property by the irregularity of 
an insulating material layer front face like the 1st invention. 
[Brief Description of the Drawings] 

[Drawing 1] (a) - (g) is each typical partial notching sectional view 
for explaining the manufacture approach of the surface acoustic wave 
equipment in one example of this invention. 

[Drawing 2] Drawing showing the relation between the electrode layer 
thickness when having not carried out flattening to the case where 
flattening of the front face of Si02 film is carried out, in 1 port mold 
surface acoustic wave resonator to which the IDT electrode which 
consists of aluminum, Au, or Pt by various thickness is formed on the 
LiTa03 substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree), 
and standardization thickness Hs/lambda comes to form Si02 film of 0. 2 
further, and a reflection coefficient. 

[Drawing 3] Drawing showing the relation between the electrode layer 
thickness when having not carried out flattening to the case where 
flattening of the front face of Si02 film is carried out, in 1 port mold 
surface acoustic wave resonator to which the IDT electrode which 
consists of aluminum, Cu, or Ag by various thickness is formed on the 
LiTa03 substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree), 
and standardization thickness Hs/lambda comes to form Si02 film of 0. 2 
further, and a reflection coefficient. 

[Drawing 4] Drawing showing the relation between the standardization 
thickness of Si02 film of the surface acoustic wave resonator obtained 
by the manufacture approach of the example of a comparison, and a phase 
characteristic and an impedance characteristic. 

[Drawing 5] Drawing showing the relation between the thickness of Si02 
film in the surface acoustic wave resonator prepared for the comparison, 
and MF of a resonator. 

[Drawing 6] The typical top view of 1 port mold surface acoustic wave 
resonator obtained in the one example of this invention. 
[Drawing 7] Drawing showing change of the impedance characteristic at 
the time of changing the standardization thickness of Si02 film, and a 
phase characteristic in the manufacture approach of an example. 
[Drawing 8] Drawing showing the relation of the thickness of Si02 film 
and gamma of a resonator in the surface acoustic wave resonator obtained 
by the manufacture approach of an example and the example of a 
comparison. 

[Drawing 9] Drawing showing the relation of the thickness of Si02 film 



and MF of a resonator in the surface acoustic wave resonator obtained by 
the manufacture approach of an example and the example of a comparison. 
[Drawing 10] Drawing showing the relation between the thickness of Si02 
film in the surface acoustic wave resonator prepared in the example and 
the example of a comparison, and change of the frequency temperature 
characteristic TCF. 

[Drawing 11] Drawing showing the impedance-frequency characteristics 
which do not have Si02 film with the surface acoustic wave resonator in 
which Si02 film prepared in the 2nd example of a comparison was formed. 
[Drawing 12] (a) - (e) is drawing showing change of the impedance 
characteristic at the time of changing the ratio to the consistency of 
the 1st insulating material layer of the mean density of an IDT 
electrode and a protection metal membrane. 

[Drawing 13] Drawing showing change of the electromechanical coupling 
coefficient at the time of forming the IDT electrode which consists of 
various metals by various thickness on the LiTa03 substrate of an 
Eulerian angle (0 degree, 126 degrees, 0 degree). 
[Drawing 14] Drawing showing relation with the consistency of the 
electrode layer Atsunori enclosure and electrode material with which an 
electromechanical coupling coefficient becomes large compared with the 
case where the electrode which consists of aluminum is used when an IDT 
electrode is formed with various metals on LiTa03 substrate. 
[Drawing 15] The perspective view showing the surface acoustic wave 
equipment concerning other examples of this invention. 
[Drawing 16] Drawing showing the relation of the electrode layer 
thickness and the electromechanical coupling coefficient by which IDT at 
the time of forming IDT which consists of IDT and aluminum which consist 
of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, and nickel on the LiTa03 substrate of 
36-degree rotation Y cut X propagation (they are (0 degree, 126 degrees, 
0 degree) at an Eulerian angle) was standardized. 

[Drawing 17] 36-degree rotation Y cut X propagation (drawing showing the 
reflection coefficient of electrode finger one of the two of IDT and the 
relation of thickness it is unrelated from various electrode materials 
on the LiTa03 substrate of (0 degree, 126 degrees, 0 degree) by the 
Eulerian angle. ) 

[Drawing 18] Drawing showing the relation between the electrode 
standardization thickness of IDT at the time of forming IDT which 
consists of IDT and aluminum which consist of Au, Ta, Ag, Cr, W, Cu, Zn, 
Mo, and nickel on the LiTa03 substrate of 36-degree rotation Y cut X 
propagation (they are (0 degree, 126 degrees, 0 degree) at an Eulerian 
angle), and an attenuation coefficient. 



[Drawing 19] Drawing showing change of the frequency temperature 
characteristic (TCF) when standardization thickness forms IDT which 
consists of Au which is 0.02 and forms Si02 film of various thickness on 
the LiTa03 substrate of 36-degree rotation Y cut X propagation (they are 
(0 degree, 126 degrees, 0 degree) at an Eulerian angle). 
[Drawing 20] Drawing showing change of the attenuation coefficient alpha 
at the time of changing the Si02 film standardization thickness which 
forms IDT which consists of Au of various thickness on the LiTa03 
substrate of 36-degree rotation Y cut X propagation (they are (0 degree, 
126 degrees, 0 degree) at an Eulerian angle), and turns a laminating up 
further. 

[Drawing 21] Drawing showing change of the attenuation coefficient alpha 
at the time of changing the Si02 film standardization thickness which 
forms IDT which consists of Au of various thickness on the LiTa03 
substrate of 38-degree rotation Y cut X propagation (they are (0 degree, 
128 degrees, 0 degree) at an Eulerian angle), and turns a laminating up 
further. 

[Drawing 22] Drawing showing the magnitude-of-attenuation frequency 
characteristics of the surface acoustic wave equipment for the 
comparison before the magnitude-of-attenuation frequency characteristics 
of the surface acoustic wave equipment of an example, and Si02 film 
membrane formation. 

[Drawing 23] Drawing showing change of the acoustic velocity of the 
leakage surface acoustic wave at the time of changing the 
standardization thickness of IDT which consists of Au in the structure 
which formed IDT which consists of Au and formed Si02 film of various 
thickness on the LiTa03 substrate of 36-degree rotation Y cut X 
propagation (they are (0 degree, 126 degrees, 0 degree) at an Eulerian 
angle) . 

[Drawing 24] Drawing showing change of the acoustic velocity of the 
leakage surface acoustic wave at the time of changing the 
standardization thickness of Si02 film in the structure which formed IDT 
which consists of Au of various standardization thickness on the LiTa03 
substrate of 36-degree rotation Y cut X propagation (they are (0 degree, 
126 degrees, 0 degree) at an Eulerian angle), and was further made into 
the Si02 film laminating. 

[Drawing 25] Drawing showing change of the electromechanical coupling 
coefficient at the time of changing the standardization thickness of IDT 
which consists of theta of (0 degree, theta, 0 degree), and Au by the 
Eulerian angle, and the standardization thickness of Si02 film. 
[Drawing 26] Drawing showing change of the Q value of the resonator at 



the time of changing theta of the Eulerian angle of LiTa03 substrate, 
and the standardization thickness of Si02 film. 

[Drawing 27] (a) - (c) is each typical sectional view for explaining the 
surface acoustic wave equipment concerning the modification of this 
invention in which the adhesion layer was prepared. 
[Drawing 28] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 1. 

[Drawing 29] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 15. 

[Drawing 30] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 2. 

[Drawing 31] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 25. 

[Drawing 32] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 3. 

[Drawing 33] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 35. 

[Drawing 34] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 4. 

[Drawing 35] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 45. 

[Drawing 36] Drawing showing relation with an electromechanical coupling 
coefficient Ksaw with standardization thickness H/lambda of Ag film at 
the time of forming the electrode which consists of Ag film of various 
thickness on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree). 

[Drawing 37] an Eulerian angle (0 degree, 113 degrees, 0 degree) — and 
(0 degree, 126 degrees, 0 degree) (0 degree, 129 degrees, 0 degree) 
drawing showing the relation between standardization thickness Hs/lambda 
of Si02 film when electrode layer thickness forms Si02 film of various 
thickness by 0, and the frequency temperature coefficient TCF in three 
kinds of LiTa03 substrates. 

[Drawing 38] Drawing showing change of the attenuation coefficient alpha 



at the time of forming Ag film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 120 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 
[Drawing 39] Drawing showing change of the attenuation coefficient alpha 
at the time of forming Ag film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 140 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 
[Drawing 40] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0. 1. 

[Drawing 41] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0. 15. 

[Drawing 42] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.2. 

[Drawing 43] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.25. 

[Drawing 44] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.3. 

[Drawing 45] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0. 35. 

[Drawing 46] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 



laminating of the Si02 film of 0.4. 

[Drawing 47] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.45. 

[Drawing 48] Drawing showing change of the attenuation coefficient alpha 
at the time of forming Cu film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 120 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 
[Drawing 49] Drawing showing change of the attenuation coefficient alpha 
at the time of forming Cu film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 135 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 
[Drawing 50] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0. 1. 

[Drawing 51] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0. 15. 

[Drawing 52] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.2. 

[Drawing 53] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.25. 

[Drawing 54] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.3. 

[Drawing 55] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 



film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/larabda carries out the 
laminating of the Si02 film of 0. 35. 

[Drawing 56] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.4. 

[Drawing 57] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.45. 

[Drawing 58] Drawing showing the relation of the reflection factor per 
electrode finger and electrode layer thickness in the electrode which 
consists of an electrode which consists of aluminum in case the 
standardization thickness of Si02 film is 0.02, and Cu. 
[Drawing 59] Drawing showing the relation between standardization 
thickness Hs/lambda of Si02 film for realizing thetamin from which an 
attenuation coefficient serves as 0 or min, and standardization 
thickness H/lambda of Cu film. 

[Drawing 60] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and a tungsten of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 61] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and a tungsten of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 62] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 63] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 



and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 64] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 65] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 66] Drawing showing the thickness of the tungsten film at the 
time of forming IDT which consists of a tungsten and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 67] Drawing showing the thickness of the tungsten film at the 
time of forming IDT which consists of a tungsten and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 68] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of a tantalum of Si02 film 
of various thickness and various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 69] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of a tantalum of Si02 film 
of various thickness and various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 70] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 



[Drawing 71] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 

[Drawing 72] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 

[Drawing 73] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 

[Drawing 74] Drawing showing relation with acoustic velocity with the 
standardization thickness of a tantalum in the structure which formed 
IDT which consists of a tantalum on the LiTa03 substrate of an Eulerian 
angle (0 degree, 126 degrees, 0 degree), and formed Si02 film on it, and 
the standardization thickness of Si02. 

[Drawing 75] Drawing showing relation with acoustic velocity with the 
standardization thickness of a tantalum in the structure where IDT which 
consists of a tantalum is formed on the LiTa03 substrate of an Eulerian 
angle (0 degree, 126 degrees, 0 degree), and Si02 film was formed on it, 
and the standardization thickness of Si02. 

[Drawing 76] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and platinum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 125 degrees, 0 degree). 
[Drawing 77] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and platinum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 78] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 



electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 79] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 15 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 80] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 81] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.25 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 82] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 83] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 84] Drawing showing the thickness of the platinum film at the 



time of forming IDT which consists of platinum and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 85] Drawing showing the thickness of the platinum film at the 
time of forming IDT which consists of platinum and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 86] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and nickel of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 87] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and nickel of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 88] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and molybdenum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 89] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and molybdenum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 90] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 91] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 92] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 



electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 93] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 94] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 95] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 96] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 97] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 98] Drawing showing the thickness of the nickel film when IDT 



which consists of nickel is formed on the LiTa03 substrate of an 
Eulerian angle (0 degree, 126 degrees, 0 degree) and Si02 film of still 
more various thickness is formed, the thickness of the nickel film, and 
relation with acoustic velocity. 

[Drawing 99] Drawing in which forming IDT which consists of nickel of 
various thickness on the LiTa03 substrate of an Eulerian angle (0 degree, 
126 degrees, 0 degree), forming Si02 film on it, and showing the 
thickness of Si02 film in structure, and relation with acoustic velocity. 
[Drawing 100] Drawing showing relation with acoustic velocity with the 
standardization thickness of the molybdenum in structure when IDT which 
becomes since it consists of molybdenum is formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree) and 
Si02 film of various thickness is formed on it. 

[Drawing 101] Drawing showing relation with acoustic velocity with the 
standardization thickness of Si02 film in the structure which formed IDT 
which consists of molybdenum of various thickness, and formed Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree). 

[Drawing 102] (a) - (c) is each typical sectional view for explaining 

the etchback method as an example of an approach which attains 

flattening of an insulating material layer front face. 

[Drawing 103] (a) - (d) is each typical sectional view for explaining 

the reverse spatter as other examples of the approach of carrying out 

flattening of the insulating material layer front face. 

[Drawing 104] (a) And (b) is the typical sectional view showing the 

example of further others of the approach of carrying out flattening of 

the insulating material layer front face. 

[Drawing 105] (a) - (c) is each typical sectional view for explaining an 
option to the pan which carries out flattening of the insulating 
material layer front face. 

[Drawing 106] (a) And (b) is each typical top view for explaining 1 port 
mold resonator as an example of surface acoustic wave equipment and 2 
port mold resonator to which this invention is applied. 
[Drawing 107] The typical top view for explaining the ladder mold filter 
as surface acoustic wave equipment with which this invention is applied. 
[Drawing 108] The typical top view for explaining the lattice mold 
filter as surface acoustic wave equipment with which this invention is 
applied. 

[Drawing 109] (a) - (d) is a typical sectional view to show an example 
of the manufacture approach of conventional surface acoustic wave 
equipment. 



[Drawing 110] The typical transverse-plane sectional view for explaining 
an example of conventional surface acoustic wave equipment. . 
[Description of Notations] 

1 — LiTa03 substrate 

2 — The 1st insulating material layer 

3 — Resist pattern 

4 — Metal membrane 
Four A — IDT electrodes 

5 — Ti film as a protection metal membrane 

6 — The 2nd insulating material layer 

11 — Surface acoustic wave resonator 

12 13 — Reflector 

21 — Surface acoustic wave equipment 

22 — LiTa03 substrate 
23a, 23 b— IDT 

25 — Si02 film 

[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] (a) - (g) is each typical partial notching sectional view 
for explaining the manufacture approach of the surface acoustic wave 
equipment in one example of this invention. 

[Drawing 2] Drawing showing the relation between the electrode layer 
thickness when having not carried out flattening to the case where 
flattening of the front face of Si02 film is carried out, in 1 port mold 
surface acoustic wave resonator to which the IDT electrode which 
consists of aluminum, Au, or Pt by various thickness is formed on the 
LiTa03 substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree), 



and standardization thickness Hs/lambda comes to form Si02 film of 0. 2 
further, and a reflection coefficient. 

[Drawing 3] Drawing showing the relation between the electrode layer 
thickness when having not carried out flattening to the case where 
flattening of the front face of Si02 film is carried out, in 1 port mold 
surface acoustic wave resonator to which the IDT electrode which 
consists of aluminum, Cu, or Ag by various thickness is formed on the 
LiTa03 substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree), 
and standardization thickness Hs/lambda comes to form Si02 film of 0. 2 
further, and a reflection coefficient. 

[Drawing 4] Drawing showing the relation between the standardization 
thickness of Si02 film of the surface acoustic wave resonator obtained 
by the manufacture approach of the example of a comparison, and a phase 
characteristic and an impedance characteristic. 

[Drawing 5] Drawing showing the relation between the thickness of Si02 
film in the surface acoustic wave resonator prepared for the comparison, 
and MF of a resonator. 

[Drawing 6] The typical top view of 1 port mold surface acoustic wave 
resonator obtained in the one example of this invention. 
[Drawing 7] Drawing showing change of the impedance characteristic at 
the time of changing the standardization thickness of Si02 film, and a 
phase characteristic in the manufacture approach of an example. 
[Drawing 8] Drawing showing the relation of the thickness of Si02 film 
and gamma of a resonator in the surface acoustic wave resonator obtained 
by the manufacture approach of an example and the example of a 
comparison. 

[Drawing 9] Drawing showing the relation of the thickness of Si02 film 
and MF of a resonator in the surface acoustic wave resonator obtained by 
the manufacture approach of an example and the example of a comparison. 
[Drawing 10] Drawing showing the relation between the thickness of Si02 
film in the surface acoustic wave resonator prepared in the example and 
the example of a comparison, and change of the frequency temperature 
characteristic TCF. 

[Drawing 11] Drawing showing the impedance-frequency characteristics 
which do not have Si02 film with the surface acoustic wave resonator in 
which Si02 film prepared in the 2nd example of a comparison was formed. 
[Drawing 12] (a) - (e) is drawing showing change of the impedance 
characteristic at the time of changing the ratio to the consistency of 
the 1st insulating material layer of the mean density of an IDT 
electrode and a protection metal membrane. 

[Drawing 13] Drawing showing change of the electromechanical coupling 



coefficient at the time of forming the IDT electrode which consists of 
various metals by various thickness on the LiTa03 substrate of an 
Eulerian angle (0 degree, 126 degrees, 0 degree). 
[Drawing 14] Drawing showing relation with the consistency of the 
electrode layer Atsunori enclosure and electrode material with which an 
electromechanical coupling coefficient becomes large compared with the 
case where the electrode which consists of aluminum is used when an IDT 
electrode is formed with various metals on LiTa03 substrate. 
[Drawing 15] The perspective view showing the surface acoustic wave 
equipment concerning other examples of this invention. 
[Drawing 16] Drawing showing the relation of the electrode layer 
thickness and the electromechanical coupling coefficient by which IDT at 
the time of forming IDT which consists of IDT and aluminum which consist 
of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, and nickel on the LiTa03 substrate of 
36-degree rotation Y cut X propagation (they are (0 degree, 126 degrees, 
0 degree) at an Eulerian angle) was standardized. 

[Drawing 17] 36-degree rotation Y cut X propagation (drawing showing the 
reflection coefficient of electrode finger one of the two of IDT and the 
relation of thickness it is unrelated from various electrode materials 
on the LiTa03 substrate of (0 degree, 126 degrees, 0 degree) by the 
Eulerian angle. ) 

[Drawing 18] Drawing showing the relation between the electrode 
standardization thickness of IDT at the time of forming IDT which 
consists of IDT and aluminum which consist of Au, Ta, Ag, Cr, W, Cu, Zn, 
Mo, and nickel on the LiTa03 substrate of 36-degree rotation Y cut X 
propagation (they are (0 degree, 126 degrees, 0 degree) at an Eulerian 
angle), and an attenuation coefficient. 

[Drawing 19] Drawing showing change of the frequency temperature 
characteristic (TCF) when standardization thickness forms IDT which 
consists of Au which is 0.02 and forms Si02 film of various thickness on 
the LiTa03 substrate of 36-degree rotation Y cut X propagation (they are 
(0 degree, 126 degrees, 0 degree) at an Eulerian angle). 
[Drawing 20] Drawing showing change of the attenuation coefficient alpha 
at the time of changing the Si02 film standardization thickness which 
forms IDT which consists of Au of various thickness on the LiTa03 
substrate of 36-degree rotation Y cut X propagation (they are (0 degree, 
126 degrees, 0 degree) at an Eulerian angle), and turns a laminating up 
further. 

[Drawing 21] Drawing showing change of the attenuation coefficient alpha 
at the time of changing the Si02 film standardization thickness which 
forms IDT which consists of Au of various thickness on the LiTa03 



substrate of 38-degree rotation Y cut X propagation (they are (0 degree, 
128 degrees, 0 degree) at an Eulerian angle), and turns a laminating up 
further. 

[Drawing 22] Drawing showing the magnitude-of-attenuation frequency 
characteristics of the surface acoustic wave equipment for the 
comparison before the magnitude-of-attenuation frequency characteristics 
of the surface acoustic wave equipment of an example, and Si02 film 
membrane formation. 

[Drawing 23] Drawing showing change of the acoustic velocity of the 
leakage surface acoustic wave at the time of changing the 
standardization thickness of IDT which consists of Au in the structure 
which formed IDT which consists of Au and formed Si02 film of various 
thickness on the LiTa03 substrate of 36-degree rotation Y cut X 
propagation (they are (0 degree, 126 degrees, 0 degree) at an Eulerian 
angle) . 

[Drawing 24] Drawing showing change of the acoustic velocity of the 
leakage surface acoustic wave at the time of changing the 
standardization thickness of Si02 film in the structure which formed IDT 
which consists of Au of various standardization thickness on the LiTa03 
substrate of 36-degree rotation Y cut X propagation (they are (0 degree, 
126 degrees, 0 degree) at an Eulerian angle), and was further made into 
the Si02 film laminating. 

[Drawing 25] Drawing showing change of the electromechanical coupling 
coefficient at the time of changing the standardization thickness of IDT 
which consists of theta of (0 degree, theta, 0 degree), and Au by the 
Eulerian angle, and the standardization thickness of Si02 film. 
[Drawing 26] Drawing showing change of the Q value of the resonator at 
the time of changing theta of the Eulerian angle of LiTa03 substrate, 
and the standardization thickness of Si02 film. 

[Drawing 27] (a) - (c) is each typical sectional view for explaining the 
surface acoustic wave equipment concerning the modification of this 
invention in which the adhesion layer was prepared. 
[Drawing 28] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 1. 

[Drawing 29] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 15. 

[Drawing 30] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 2. 



[Drawing 31] Thickness H/larabda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 25. 

[Drawing 32] Thickness H/larabda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 3. 

[Drawing 33] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 35. 

[Drawing 34] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 4. 

[Drawing 35] Thickness H/lambda of Si02 film = drawing showing the 
relation of the attenuation coefficients alpha and theta in various Au 
electrode layer thickness in 0. 45. 

[Drawing 36] Drawing showing relation with an electromechanical coupling 
coefficient Ksaw with standardization thickness H/lambda of Ag film at 
the time of forming the electrode which consists of Ag film of various 
thickness on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree). 

[Drawing 37] an Eulerian angle (0 degree, 113 degrees, 0 degree) — and 
(0 degree, 126 degrees, 0 degree) (0 degree, 129 degrees, 0 degree) 
drawing showing the relation between standardization thickness Hs/lambda 
of Si02 film when electrode layer thickness forms Si02 film of various 
thickness by 0, and the frequency temperature coefficient TCF in three 
kinds of LiTa03 substrates. 

[Drawing 38] Drawing showing change of the attenuation coefficient alpha 
at the time of forming Ag film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 120 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 
[Drawing 39] Drawing showing change of the attenuation coefficient alpha 
at the time of forming Ag film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 140 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 
[Drawing 40] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0. 1. 

[Drawing 41] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 



film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/larabda carries out the 
laminating of the Si02 film of 0. 15. 

[Drawing 42] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.2. 

[Drawing 43] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.25. 

[Drawing 44] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.3. 

[Drawing 45] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.35. 

[Drawing 46] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.4. 

[Drawing 47] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Ag 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.45. 

[Drawing 48] Drawing showing change of the attenuation coefficient alpha 
at the time of forming Cu film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 120 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 
[Drawing 49] Drawing showing change of the attenuation coefficient alpha 
at the time of forming Cu film of 0. 1 or less standardization thickness 
on the LiTa03 substrate of an Eulerian angle (0 degree, 135 degrees, 0 
degree), and forming Si02 film of the standardization thickness of 0-0.5. 



[Drawing 50] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/larabda carries out the 
laminating of the Si02 film of 0. 1. 

[Drawing 51] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0. 15. 

[Drawing 52] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.2. 

[Drawing 53] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.25. 

[Drawing 54] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.3. 

[Drawing 55] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.35. 

[Drawing 56] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.4. 

[Drawing 57] Drawing showing change of an attenuation coefficient alpha 
when standardization thickness H/lambda forms 0. 1 or less various Cu 
film on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree) and standardization thickness Hs/lambda carries out the 
laminating of the Si02 film of 0.45. 

[Drawing 58] Drawing showing the relation of the reflection factor per 



electrode finger and electrode layer thickness in the electrode which 
consists of an electrode which consists of aluminum in case the 
standardization thickness of Si02 film is 0. 02, and Cu. 
[Drawing 59] Drawing showing the relation between standardization 
thickness Hs/lambda of Si02 film for realizing thetamin from which an 
attenuation coefficient serves as 0 or min, and standardization 
thickness H/lambda of Cu film. 

[Drawing 60] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and a tungsten of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 61] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and a tungsten of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 62] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 63] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 64] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 65] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tungsten of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 



and standardization thickness H/lambda of the electrode layer which 
consists of a tungsten. 

[Drawing 66] Drawing showing the thickness of the tungsten film at the 
time of forming IDT which consists of a tungsten and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 67] Drawing showing the thickness of the tungsten film at the 
time of forming IDT which consists of a tungsten and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 68] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of a tantalum of Si02 film 
of various thickness and various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 69] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of a tantalum of Si02 film 
of various thickness and various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 70] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 

[Drawing 71] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 

[Drawing 72] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 



[Drawing 73] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of a tantalum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of a tantalum. 

[Drawing 74] Drawing showing relation with acoustic velocity with the 
standardization thickness of a tantalum in the structure which formed 
IDT which consists of a tantalum on the LiTa03 substrate of an Eulerian 
angle (0 degree, 126 degrees, 0 degree), and formed Si02 film on it, and 
the standardization thickness of Si02. 

[Drawing 75] Drawing showing relation with acoustic velocity with the 
standardization thickness of a tantalum in the structure where IDT which 
consists of a tantalum is formed on the LiTa03 substrate of an Eulerian 
angle (0 degree, 126 degrees, 0 degree), and Si02 film was formed on it, 
and the standardization thickness of Si02. 

[Drawing 76] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and platinum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 125 degrees, 0 degree). 
[Drawing 77] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and platinum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 78] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 79] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 15 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 80] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 



electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 81] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 25 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 82] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 83] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of platinum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of platinum. 

[Drawing 84] Drawing showing the thickness of the platinum film at the 
time of forming IDT which consists of platinum and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 85] Drawing showing the thickness of the platinum film at the 
time of forming IDT which consists of platinum and forming Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree), the thickness of Si02 film, and relation with 
acoustic velocity. 

[Drawing 86] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and nickel of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 87] Drawing showing change of the attenuation coefficient alpha 



in the structure in which IDT which consists of Si02 film of various 
thickness and nickel of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 88] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and molybdenum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). 
[Drawing 89] Drawing showing change of the attenuation coefficient alpha 
in the structure in which IDT which consists of Si02 film of various 
thickness and molybdenum of various thickness was formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 140 degrees, 0 degree). 
[Drawing 90] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 91] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 92] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 93] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of nickel of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of nickel. 

[Drawing 94] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 



electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 1 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 95] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 2 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 96] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0. 3 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 97] Drawing showing relation with an attenuation coefficient 
alpha with theta in the surface acoustic wave equipment which formed the 
electrode layer which consists of molybdenum of various thickness, and 
formed Si02 film of standardization thickness Hs/lambda =0.4 further on 
the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree), 
and standardization thickness H/lambda of the electrode layer which 
consists of molybdenum. 

[Drawing 98] Drawing showing the thickness of the nickel film when IDT 
which consists of nickel is formed on the LiTa03 substrate of an 
Eulerian angle (0 degree, 126 degrees, 0 degree) and Si02 film of still 
more various thickness is formed, the thickness of the nickel film, and 
relation with acoustic velocity. 

[Drawing 99] Drawing in which forming IDT which consists of nickel of 
various thickness on the LiTa03 substrate of an Eulerian angle (0 degree, 
126 degrees, 0 degree), forming Si02 film on it, and showing the 
thickness of Si02 film in structure, and relation with acoustic velocity. 
[Drawing 100] Drawing showing relation with acoustic velocity with the 
standardization thickness of the molybdenum in structure when IDT which 
becomes since it consists of molybdenum is formed on the LiTa03 
substrate of an Eulerian angle (0 degree, 126 degrees, 0 degree) and 
Si02 film of various thickness is formed on it. 

[Drawing 101] Drawing showing relation with acoustic velocity with the 



standardization thickness of Si02 film in the structure which formed IDT 
which consists of molybdenum of various thickness, and formed Si02 film 
further on the LiTa03 substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree). 

[Drawing 102] (a) - (c) is each typical sectional view for explaining 

the etchback method as an example of an approach which attains 

flattening of an insulating material layer front face. 

[Drawing 103] (a) - (d) is each typical sectional view for explaining 

the reverse spatter as other examples of the approach of carrying out 

flattening of the insulating material layer front face. 

[Drawing 104] (a) And (b) is the typical sectional view showing the 

example of further others of the approach of carrying out flattening of 

the insulating material layer front face. 

[Drawing 105] (a) - (c) is each typical sectional view for explaining an 
option to the pan which carries out flattening of the insulating 
material layer front face. 

[Drawing 106] (a) And (b) is each typical top view for explaining 1 port 
mold resonator as an example of surface acoustic wave equipment and 2 
port mold resonator to which this invention is applied. 
[Drawing 107] The typical top view for explaining the ladder mold filter 
as surface acoustic wave equipment with which this invention is applied. 
[Drawing 108] The typical top view for explaining the lattice mold 
filter as surface acoustic wave equipment with which this invention is 
applied. 

[Drawing 109] (a) - (d) is a typical sectional view to show an example 
of the manufacture approach of conventional surface acoustic wave 
equipment. 

[Drawing 110] The typical transverse-plane sectional view for explaining 
an example of conventional surface acoustic wave equipment. . 
[Description of Notations] 

1 — LiTa03 substrate 

2 — The 1st insulating material layer 

3 — Resist pattern 

4 — Metal membrane 
Four A — IDT electrodes 

5 — Ti film as a protection metal membrane 

6 — The 2nd insulating material layer 

11 — Surface acoustic wave resonator 

12 13 — Reflector 

21 — Surface acoustic wave equipment 

22 — LiTa03 substrate 



23a, 23 b— IDT 
25 — Si02 film 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 
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ffllEftft#Au-?fcZ. ft >fc Jl 7 ClEtt^Sftftfflftlfl. 
[ ft * Jl ? ] 



(3) 



JP 2004 1 1 2748 A 2004. 4. 8 



fulELiT0LO 3 Stgc7)^^7-S^(0±3 o , 1 32° -148° , 0±3° ) epic 

icu, H5Kfli7*feii8cS5«®»tt*iittaa. 
[ m * ji 1 o ] 

fulELiT0L0 3 StSc7)^/f^-Sci)5»"1 1 5° ^ ± , 1 3 2° ^MoClCft?. it 
[ si * Jl 1 1 1 

IuiELi.T0L0 3 S«0)zr^7-ft (0 + 3° . 0 . 0 + 3° ) . Bu iE * ffi <9 $ ft -lb HI Jf 
H / X Jk U 35 1 , *ZttHttitI)SU7US8 i 0 2 <9«ftttffltJSHS/A.#, T IE <9 
*1?m^ftTl)?flfrftft1t©l)^tl#?*)7, ^ * ll 7 £ £ 8 C IE * © S ft * i 
HI . 
[* 1 1 



tii-fk 

(0 + 3° , 9 , 0 + 3° ) 
© 0 


AulS 


S i 0 2 3IJ? 


120.0° ^ <1 23. 0° 


0.013-0.018 


0. 15-0.45 


123.0° ^ 69 < 1 24. 5° 


0. 013-0.022 


0. 10-0.40 


124.5° ^ f9 < 1 25. 5° 


0. 013-0.025 


0.07-0.40 


125.5° ^0<127.5° 


0.013-0.025 


0.06-0.40 ! 


127.5° ^0<129.O° 


0.013-0.028 


0.04-0.40 


129.0° < 69<130.0° 


0.017-0.030 


0.03-0.42 


130.0° ^ 9 <131. 5° 


0.017-0.030 


0.03-0.42 


131.5° ^ f9 <133. 0° 


0.018-0.028 


0.05-0. 33 


133.0° ^ f?<135.0° 


0.018-0.030 


0.05-0. 30 


135.0° ^0^137.0° | 


0.019-0.032 


0.05-0. 25 


137.0° ^ 9 ^140.0° 


0. 019—0.032 


0. 05-0. 25 



[ m * ji i 2 ] 

HD!ELLTGLO a **0tf'r : 7-B (0 + 3° . 6 . 0 + 3° ) - Jou IE K © $ $ ^ H If 
H/A.J5&I1 , » Z « It » I t * J£ U 7 U Z 8 i 0 z © « ft Hi J? H S / A. # , T IE <9 
* 2 C m r ft. T I) 3#I#-£'ft>tt5>U^*ft#~?$)3 - a * JS 7 * £ I* 8 C SB *K © 9 tt * 1 
SI. 
[* 2 1 



(0 + 3° , 6/ , 0±3° ) 
CO 0 


Aulf 


s i o 2 mm 


129.0° < 0<13O.O° 


0.022-0.028 


0. 04-0. 40 


130.0° ^0<131.5° 


0.022-0.028 


0. 04-0. 40 


131.5° < 9 <133. 0° 


0.022-0.028 


0. 05-0. 33 


133.0° ^ 0 <135.0° 


0.022-0.030 


0.05-0. 30 


135.0° ^ 9 <137.0° 


0.022-0.032 


0.05-0.25 


137.0° ^ 0 ^140.0° 


0.022-0.032 


0.05-0. 25 



[ m * js 1 3 ] 

BulEJI'tttSffiflf, 4 7 - % (0 + 3° . 1 1 3° -142° . 0 + 3° ) <5L l To, 
0 s &&~d>fo <) , ftilZm ^ . »l^«1»8 iO^S^'J, SL0;.]l<9£!+<9$ 
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faitmMH S / XtF 0 . 10-0. 40(5KlCfc l J , 

flu IE A I <fc 'J II4I#*I 5 0 0 0-1 5 0 0 0 k f / M 3 JlZ* ¥ > 7 % 0 

. 5X10 11 -1. 0X1 O 1 1 N/Hfl 2 ifiZ UBl)lf^^ 1 0 0 0 ~ 2 0 0 0fn/ 
S-fffcZSH?*) 1 ;, SuiE«ffi©il)StH. $ S ffi <Z> * t X * U £ * ?= C < £ « 
iiH/l»0. 0 1- 0. 0 8<2>eHC*)I.»5KJHl. 4 ~ 6 <5 H f H » i:EK<5S 

S ffl & It 1 . 
[ si * Jl 1 4 ] 

UQBESHttAfr-J&S, a * Jl 1 3 C IE tt 9 3 * H at H t . 

[ a * ji 1 5 ] 

l!uie«a9*»^ffi*H/A.tffO. 0 1-0. 0 8?Ji'J, I5E8 1 0 z H <Z> £ s+ <9 $ *& 10 
^HJIHS/X*, L i TolO 3 *a<P*^7-ft#TlE<P*3cm-rffl^ftft1t©l)r 
ft # -? * I . at S JS 1 3 * £ 1 4 IC IE tt 9 $ * ffi 1$ £ t . 
[* 3 ] 



AgIHH/A : 0. 01-0. 08©i^ 



S i0 2 IDi> 


L iTaO a ©^7-ft 


0. 15-0. 18 


0±3, 11 7-1 3 7, 0+3 


0. 1 8-0. 2 3 


0 + 3, 11 7-13 6, 0± 3 


0. 23-0. 28 


0 + 3, 11 5-13 5, 0 + 3 


0. 28-0. 33 


0 + 3, 11 3-1 3 3, 0 + 3 


0. 33-0. 38 


0 + 3, 1 1 3-1 35, 0+3 


0. 38-0. 40 


0+3, 113-13 2, 0+3 



[ si % Jl 1 6 ] 

«HE*tt©*»<b«»H/A.*0. 0 2- 0. 0 6f li'J, filSS 1 0 2 l9^st5)SS 
ItliHS/n, L i Tol0 3 Stt0*47-fl#TlE®*4C;S*fi*£*>1t®l)** 
ft » ? 9iJ , H >K H 1 3*fett14IClEtt!9Stt^IlM^f. 
[* 4 ] 

AglHJ¥H/A : 0. 0 2 - 0. 0 6©t^ 



S i0 2 Hl? 


L iTaO 3 0t<7-ft 


0. 15-0. 18 


0+ 3, 1 2 0-1 3 3, 0 + 3 


0. 1 8-0. 2 3 


0+3, 1 2 0-1 3 7, 0 + 3 


0. 23-0. 28 


0 + 3, 1 2 0-1 3 5, 0 + 3 


0. 28-0. 33 


0±3, 11 8-1 3 5, 0 + 3 


0. 33-0. 38 


0+3, 11 5-1 33, 0±3 


0. 38-0. 40 


0± 3, 11 3-1 3 0, 0 + 3 



[ si * JM 1 7 ] 

fi!E«s<9*SttiiJ*H/;i#o. 03-0. 0 5?J)'j , fuses t o? i^ee+^s^ 40 

ft » "? M , sIScJMl 3*fcl*14Cfifitt<93i&*II»iSt. 
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[* 5 ] 



AgIHH/A : 0. 0 3-0. 0 5 CD££ 





T i TaO <Ty^t^( — -ft 


0. 1 5-0. 1 8 


0+3, 1 2 2-142, 0 + 3 


0. 18-0. 23 


0+ 3, 1 2 0-1 4 0, 0+3 


0. 23-0. 28 


0± 3, 11 7-1 3 8, 0 + 3 


0. 28-0. 33 


0±3, 11 6-1 36, 0±3 


0. 33-0. 38 


0+3, 1 14-1 35, 0 + 3 


0. 38-0. 40 


0+3, 11 3-1 3 0, 0 + 3 



C si * Jl 1 8 ] 

UQlEJI«ttStt#, t 4 7 - ft (0 + 3° . 1 1 3° ~ 1 37° , 0 + 3° ) <5L i Ta 
0 3 m IB m 1 . *2«Jt!BBl#S i 0 2 Hi # >5 S M . S L 0 2 IS <Z> £ 1+ <9 $ 

*&ttHJ?HS/A.#0. 10-0. 4 0 <9 ic H IC U - 

flu IE A I J;ntSi<5 + f U4BtfftI 5 000-1 5 0 0 0 k ? / m 3 & OUT > 7 * 1 
. 0 X 1 0 1 1 - 2 . 05X10 11 N/m 2 foZl)tt*>ISM*2000~2800m 

ttlSH/XtfO. 0 1- 0. 0 8 <5icli:J)l , ifJll , 4~8©lirft#CSE«fi) 

® * ffl ift £ 1 . 20 

[ a * ji 1 9 ] 

flu IE £ B # C u ~? * I , at 3K il 1 8lClEtt©SStt*lIi6llf. 
[ » * Jl 2 0 ] 

mi IE L i Tol0 3 X <( ? - % Jl&mtZS i 0 2 ©fcH-QttttttffiJfHS/Xtf. T 

le <s> * 6 c m ? xi 1 1 ) i a h- £ ^ tt ^ l i r xi n -? & z . a it ji 1 8 * a i 9 c ie « 0 & 

*t * ffl » K 1 . 
[f* 6 ] 



S i o.<fflf 


L iTa0 3 «t<7-^ 


0. 15-0. 18 


(0±3, 1 1 7-1 37, 0 + 3) 


0. 1 8-0. 2 3 


(0±3, 1 1 7-1 36. 0±3) 


0. 23-0. 28 


(0 + 3, 11 5-1 3 5, 0± 3) 


0. 28-0. 33 


(0±3, 1 1 3-1 33, 0+3) 


0. 33-0. 38 


(0± 3, 113-13 5, 0+3) 


0. 38-0. 4 


(0±3, 1 1 3-1 32, 0+3) 



30 



[ m >i? ji 2 1 ] 

flu IE ^47-8(0 + 3°. 6 . 0±8' ) 3»fl#TiE<!>a ( Z ) <5Kli: Ji ? C V t» 

avn, a s is 1 8 s ^ a 1 ?ciE«®sstt*ii»sii. 

9 B i n - 2' <9^ m i n + "' a ( 2 ) 40 

fflU, 5* (2) + , 5 m i n tt , I DT®ft*^bKJSH/A.#TlE© (ol) - (e) <0 K 

^jiy jitieqsa-e r 1 z . 

(ol) 0 < H / X ^ 0 . 0 1 cr> * 3= 

0 m i n = - 1 3 9 . 7 13XHS 3 +43. 07132XHS 2 -20. 568011 

XHS+125. 8314 3A (i) 0. 0 KH/X^0. 0 

0 m i n = " 1 S 9 . 660XHS 3 +46. 02985XHS 2 -21. 141500 

XHS+1 27. 41 81 SB (c) 0. 0KH/^0. 0 5<9H 

0 m t n = - 1 3 9 . 607XHS 3 +48. ? 8 8 3 8 XHS 2 - M . 714900 

XHS+1 29. 0048 3 C ( d, ) 0 . 0 5<H/1^0. 

0 m t n = " 1 1 2 . 068XHS 3 +39. 60355XHS Z -21. 186000 50 
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XHS+I M. 9 3 9 7 jCD(e)0. 0 KH/l^O. 0 9 <D )> ? 
9 m i n = - 1 2 6 . 954XHS 3 +67. 40488XHS 2 
-29. 432000XHS+131. 5686 S E 
[ a * Jl 2 2 ] 

flu IE 8 l 0 2 I<9ei+(i)*ltS(tIf HS/X V, L i TolOs S®<9tf<f7-ft#'TlE<9 
*7Cm*fi*fc*>-tt<?>l)**tl#-*fcZ. St * Jl 1 8 ifett 1 9 C IE tt <9 » ft * 1 ft H 1 



[* 7 ] 



S i0 2 H!¥ 


L i TaO 3 0ti" 7— £i 


0. 1 5-0. 18 


(0 + 3, 1 1 7-1 25, 0+3) 


0. 18-0. 23 


(0±3, 1 1 7-125, 0+3) 


0. 23-0. 28 


(0 + 3, 1 1 5-125, 0 + 3) 


0. 2 8-0. 3 3 


(0 + 3, 1 1 3-125, 0 + 3) 


0. 33-0. 38 


(0+3. 11 3-1 2 5, 0+3) 


0. 38-0. 40 


(0 + 3, 1 1 3-125, 0+3) 
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[ m * ji 2 3 ] 

flulEJ±lftS*5#, (0 + 3° . 1 1 2° ~ 1 38° , 0 + 3° ) QLiTa 

0 3 Sfi?*) 1 ) , 1 • » 2lElttl9*8 t 0 2 1» , S i 0 z 1* <5 ft 6+ © * 20 

*<b«J»HS/A.#0. 10-0. 4 0(5)Kii:J) l J, 

flu IE A I «fc ') tfSI<i)Xf llSltfSI 1 5 0 0 0-2 3 0 0 0 k % / m 3 fi&f >7l 
2. 0X1 0 1 1 - 4 . 5 X 1 0 1 1 N/m z $) J HRlilf If 2 8 0 0 - 3 5 0 0 m 
/S?ft?^l?*)'K ItilSM^ilJItH. IttJlliaiOitltXH^nc, € *S 
ttHJfH/X#0. 0 25-0. 0 6<?>eHlCJ>Z. « 5K JR 1 . 4~6<2>lir:fl#ClEl* 

[ If >fc Jl 2 4 ] 

flu!E£S#*>7Z7 1 >-?fo2, IS * H 2 3 C IE ft' <Z> ® ft S ffl ft If ft . 
[ a * Jl 2 5 ] 

fiBEIDT<9Stt<bl!l£H/A.tf. 0. 012-0. 0B8®eHC*)?.SISfliZ3* 30 
£ tt 2 4 IC IE ft © $ ft * ffl 1ft H I . 
C a * Jl 2 6 ] 

ffliE I DT<9*«<blSH/A.tf . 0. 0 1 5-0. 0 4 2 <i) Si C J) I , ISJI2 5C 

[ a * ji 2 7 ] 

ffilEL i TolOu tfitf, <T 'f ^ - 3 (0 + 3° , 1 1 5° -1 35° , 0 + 3° ) <D L 
l Tol0 3 S "J J) ? , el 5fc Jl 2 3-2 5 91! r ft IE ft <9 $ ft * ffl ft £ 1 . 

[ at * ji 2 8 ] 

flu IE ■ ffi 9 $ $ ^ H If H / X , 0. 0 12-0. O5 3-?fo l ;,BylES(.O 2 ]l0"&§+ 
9*«ftIIIHS/n, L i Ta.0 3 SS^^O-fttfTS^^ 8i:f tUf^fitt 40 
«)Hfll#-?U, it * Jl 2 3 *£tt2 4ClEft<Z>®ftSfflft£I. 
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[* 8 ] 



H/ A =0.012-0.053 CDtt 





LiTa0 s <D*O-^ 


0. 1-0. 15 


(0 + 3, 114. 2-138, 0±3) 


0. 15-0.2 


(0 + 3, 113-137.8,0 + 3) 


0. 2-0. 3 


(0 + 3. 113-137.5,0 + 3) 


0.3-0. 35 


(0±3, 112.7-137,0 + 3) 


0.35-0.4 


(0 + 3, 112.5-136,0 + 3) 



[ a * ji 2 ? ] 

fi!E«a<9*SttBtJ*H/A.tt, 0. 0 15-0. 042-?&';,<iy§ESiO 2 lI<9£l+ 
CD«^^1IJ1HS/1V, L i Tol0 3 Sffi02M7-fl#T8E®*9C5<tfi«*a*>1i 
®lirtl»"?9)?, §f >K H 2 3 £ £ 2 4 IC §E tt Q M S H & 1 , 
[* 9 1 



H/A =0. 015-0. 042 







0. 1-0. 15 


(0±3, 114.3-138,0 + 3) 


0. 15-0.2 


(0±3, 113-137. 5, 0±3) 


0.2-0.3 


(0±3, 112. 5-137,0 + 3) 


0. 3-0. 35 


(0 + 3, 112. 2-136. 5, 0 + 3) 


0.35-0.4 


(0 + 3, 112-135. 3, 0±3) 



[ si M Jl 3 0 ] 

SulEJ±lttS^»'.^^7-S(0±3°. 104° -148°. 0 ± 3 ° ) Q L I T a. 
*<b«J»HS/A.*0. 10-0. 4 0 <>> it 5 H IU 'J , 

mi IE A I «fc 'J fcffiK<p£3=l)£H#!&K 1 5 0 0 0-2 3 0 0 0 k ?/fn 3 £ c7t > 7 $ 
1. 0X1 0 1 1 - 2 . 0X10 ll N/m z foZl)tt«&S3l^2000~2800m 

<b«J»H/A.#0. 0 04-0. 0 5 5O)icBlC^Z - s» 5K Ji 1 . 4~8®lir*l#C8E 

[ a * ji 3 1 ] 

Bule£H#$'>*^?ftZ, a 5K H 3 0 IC sfi « 9 g ft & i a & 1 . 

[ a * # s 2 ] 

fu IE ■ 8 © $ $ ^ 1 If H / X , 0. 0 1- 0. 5 5<&eHCifcZ.S;iKJM3 0*fctt8 
1 ClEtt^SESlIfcHl. 
[ a * JS 3 3 ] 

lu BE « a <Z) $ lb ! If H / X , 0. 0 1 6-0. O450eHC&Z,3i5KJl3O*fc 

i* 3 1 ciettQBftfcimfcHi. 

[ si 3K Ji 3 4 ] 

ffllEff«ttSfi»f,^'f ! 7-ftC0±3'. 111° -14 3°, 0 + 3° ) i Tol 

O 3 SS?*i7, a * JS 3 0 - 3 2 9 L ) tl # IC IE tt <0 3 * I % H 1 . 
[ a S Jl 3 5 ] 

luiE*tt<?)*«ftKJfH/X#, 0. 0 1- 0. 0 5 5-?^'J,milESiO 2 fficD-&l+cT) 
SISlklSHS/n, L i Tol0 3 Sfi<5^ 0-ft»"FS<5$ 1 0 IC m T fi h- & *> i+ 
3>l)**tl#-?*>Z, S5fcJS3 0*fctt3 1 C §E « <Z> ®tt S ffl & £ 1 . 
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[* 1 0 ] 



MCO H/A =0.01-0.055 <D£g 





LiTa0 s ©*O-^ 


0. 1-0. 15 


(0 + 3, 110. 5-148,0 + 3) 


0. 15-0. 2 


(0±3, 108-147.5,0 + 3) 


0. 2-0. 3 


(0 + 3, 105-148,0 + 3) 


0.3-0. 35 


(0 + 3, 104. 5-148, 0±3) 


0.35-0.4 


(0±3, 104-145,0 + 3) 
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C si * Jl 3 6 ] 

fi!E«a<9*SttBtJ*H/A.ttO. 0 16-0. 0 4 5 ?J)'i , iSS t 0 2 19^1+9 

*S $& Bi Jf H S / X V , L i Tol0 3 Wff)^ ^ 7-ft»TlEff)S 1 1C5i*fiftfc*>1t 

®lirtl»"?9)I, si >1< Jl 3 0 £ £ 3 1 IC §E tt Q ® ft S H & 1 , 

[111] 



Mtf> H/A =0. 01 6-0.045 (O 





LiTaOjOtfO-*! 


0. 1-0. 15 


(0±3, 113-144,0 + 3) 


0. 15-0.2 


(0±3, 111-144,0 + 3) 


0. 2-0. 3 


(0 + 3, 108-144,0 + 3) 


0. 3-0. 35 


(0 + 3, 107. 5-143,0 + 3) 


0. 35-0. 4 


(0 + 3, 107-140.5,0 + 3) 



[ si X Jl 3 7 ] 

UaEJ±*tt£«#, t 4 7 -ft ( 0 ± 3 ° , H' -1 67° . 0 ± 3 ° ) Q L i T a. 0 
8 **?*)';. »8E*1. S2$?lttl#3 t O z I^^'J, 8 i 0 2 l9^M<?)f I 
ltI)lHS/l»0. 1 0~0. 409K1CJ) 1 ;, 30 
DO IE A I J^tftfi^X^U^HtfasKl 500 0-23 0 0 0 k?/fn 3 £ fr-P > 7 $ 
1. 0X1 0 M ~Z. 0X1 0 1 ' N/rti 2 Ji^llttiSfl^l 0 0 0 ~2 0 0 0tti 
/ssJil-f^'J, SulE*ffi9^l¥tH, »£*lH&<?>fc*tA.*Ufc** : c, 4ft & ft H 
Jf H / 1 # 0 . 0 0 5- 0. 0 5 4 9i!BCJiJ, si * Jl 1 . 4~BOl)^il#CiE«® 
SI ft * H % H 1 . 
[ si * Jl 3 8 ] 

Su!e£IS»f£]£-?ifcZ, si 5K Jl 3 7Cle«95?tt*l»^t. 
[ S * Jl 3 9 ] 

IulEJ±*ttS®0)^^7-ft#(0 + 3 o . 90° -1 55° , 0 + 3° ) ? ft U . flu IE 
«tt<9*«^it»H/A.^0. 0 1- 0. 04®eHC*)Z,«Sfli8 7*fett3 8CBE 40 

[ si >1c Jl 4 0 ] 

fy IE L i Tol0 3 S^Q^/f^-ft^ffilES I 0 2 <5fttf<5**^KJfHS/A.#. T 
IE <5 * 1 2C^?"^Tl)IflW-ftfitt®l)rtL#?ftZ. si >K Jl 3 9 C IE tt <9 9 ft * 1 i£ 

1£ ^ 
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[* 1 2 ] 



Q^H/A =0.01-0.04 (Dt^ 



Si0 2 J?(Hs/A) 


^•-f 7 — 


0.1 < Hs/A<0.15 


(0±3° ,90° -169° , 0 + 3° ) 


0. 15^ Hs/A<0. 2 


(0±3° ,90° -167° ,0 + 3° ) 


0.20^ Hs/A <0. 25 


(0±3° ,90° -167° ,0±3° ) 


0.25^ Hs/A<0.3 


(0±3° ,90° -164° ( 0±3° ) 


0.3 < Hs/A<0.4 


(0 + 3° ,90° -163° , 0 + 3° ) 
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C si * Jl 4 1 ] 

BU IE « S ® <9 * ^ 7 - ft (0 + 3° . 1 02° ~ 1 50° , 0 + 3° ) m 
IE 1 <9 $ *S II J? H / X 0 . 0 13-0. 0 3 3 ©EiCif)] , fflSH3 7 Sfeft 3 

[ a 5K Jl 4 2 ] 

flu IE S i 0 2 K©eH-©ja*»lbffi)SHS/A.^. L l T ol 0 3 SffiOtf-f^-SflfTlEO 

* 1 8c^ta^6ft-tt9iirtL»-?ft2. a * js 4 1 c ie n q 3 « * n % n t . 

[Hi 8] 



fi^H/A =0.013-0.033 



SiO, Iff (Hs/A) 




0. 1 ^ Hs/A<0. 15 


(0±3° , 106° -155° ,0±3° ) 


0. 15^ Hs/A<0. 2 


(0±3° , 104° -155° ,0 + 3° ) 


0.20^ Hs/A <0. 25 


(0±3° , 102° -155° ,0±3° ) 


0.25^ Hs/A<0.3 


(0±3° , 102° -154° ,0±3° ) 


0.3 ^ Hs/A<0.4 


(0±3° ,102° -153° ,0 + 3° ) 



[ m M Jl 4 3 ] 30 

fulEJ±*tt4«#', ^7-8(0 + 3°, 104' -150', 0 + 3 ° ) © L i T <x 

0 3 S *5 "? ft V , flu IE » 1 . t 0? I»^SV, ^©eH-^fclftttllJ? 

HS/J,#0. 1 0-0. 4 0 9 ic H IC ft ') . 

fu IE A I i'J tSS^X^llf Iff^S 5 000-1 5 0 0 0 k ? / m 3 

. 0X1 0 1 1 - 4 . 5X1 0' ' N/tn' J) Z U (Jliif Sff 2 8 0 0 - 3 5 0 0 m / 

H / A. tff 0 . 0 0 8- 0. 0 6 o?m®\-Z J s ffi 5K Jl 1 , 4~B®l)f*L#Cle«!®9 

* ffl % H 1 . 
[1**443 

flQlE£H#Ni?ifoZ,a*Jl43lu!Eli!93tt*II»ISf. 40 
[ si * JS 4 5 ] 

nuie"ta©*»^i«*H/A.^o. 02-0. 0 6 <z> ie ft z , a s ji 4 4 1:: ie « ® 

* in « hi . 

[ si >K Jl 4 6 ] 

fflaE"ttt<?>*«ft«J»H/A.*0. 0 27-0. O60eHC&Z,ajKJE44C!E*l<9 

3 # * nn » is e . 
[ a * ji 4 7 3 

flu IE L l Tcl0 3 lS<5<fO-ft);, mi IE S i 0 2 K«9^Sf<5««lti» H S / X V # 

, t ie q * 1 4 c ^ r m a- d ft © i) r ti ft ? ft z , a * js 4 4 c ie « <d m e * m & n 1 
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1*141 



Si0 2 SIJ? 




0. 1-0. 2 


(0+3° ,106° - 140° ,0±3° ) 


0. 2-0.3 


(0+3° ,105° - 137° ,0+3° ) 


0. 3-0.4 


(0±3° ,104° - 133° ,0+3° ) 



[ a * ii 4 8 ] 
[ at * ji 4 ? ] 

IulESffiQ^^^ilJfH/l#0. 0 17-0. 0 6 © E H C 3?> Z , sf * IS 4 8 C IE « <9 
Stt*l»$II. 

[ m * n 5 o ] 

SQ!e«S0««ttliJfH/A.ttO. 0 2 3- 0. 0 6 Q E H C 3?> 3 , St >1c Jl 4 8 C IE « <9 
[ a * II 5 1 ] 

m IE L i Tol0 3 Sfigtf'f^-ft*. flu SB S i 0 2 lli<9fcH-<9«ttttIiJPHS/A.*# 
T IE <D * 1 5C^tflW-ftt)1t©l)^tl#-?ft2. a * Jl 4 8 C IE « © 31 ft * 1 ft ft 1 . 
[ * 1 5 ] 20 



SiOJgjfr 


t-i 7 — ft 


0. 1-0.2 


(0±r ,107° - 141° ,0±3° ) 


0.2-0.3 


(0±3° ,104° - 141° ,0±3° ) 


0. 3-0. 4 


(0 + 3° ,104° - 138° ,0±3° ) 



[ a * n 5 ii 

i»^sr>5< * t 1 ociUfeS^gjiiis^'K aia<9f««iiD)!, fit §e a 30 
i^^tfts^x^u^iicpasst/oovufewft. poxo. 7 ^ p ^ p o x 1 . 3-? 

* Z , » « * 1 . 4~6Q)l)rtl»ClE«9S?ft*l»lli. 

[ a * ii 5 3 ] 

Bu!E*2«att!*I!l0E]£l#, ffilE*ffio>BIJ?o>3 0%^T-?foZ, 9 * JB 1 ~ 5 2 © 

u r tt # c is « ^ a ft * ao % £ i . 
[ a * ii 5 4 ] 

Stt*li{H7ii!lN?!i)Sft$l»tffll]KnS«IHi, H 5K JH 1 ~ 5 3 <9 
l)rtl#ClE«Q»tt*IID»llt. 

[ m * ji 5 5 ] 

ffittfitfflirni^ 40 

fulEJ±ltt*®©^fflQ^fflC« 1 «i»itiffitni)J, 

S < U 1 o Q K t £ t Z /? * - > t M t Z W <9 1/ ; / X hA?->tffiU7 

i ie ^ m f*j# 3- 11 z * <?> s 1 j ntc, ^hmci 1 *g m % 

ffl ie m 1 jK«»s*i»srtLTi)?iRttc. a i «t <j tiss^iit^uisittf 

# v * z as # a z itm t » 1 i «i o u js a- cf*j# b7'>s<niT<3 

fiu IE ifi 1 M»l±C»BUTl)3 U ~7 P X htKStUi^ 

»tt*nD»ns9»asft. 50 
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[ it 5K Jl 5 6 ] 

iiEiat«sKi;7ii?4in <tt^4o*fi#. niESiieii4)ii9fts®i. 5ft 

W ± ? Z , II * Jl 5 5lU§5«9S*fe*liltttSl0Rftfift. 
[ a * JS 5 7 ] 

SulEJ±«ttS«Q^ffiQ)4fflC3rl)T«1««%Str^tZlS^, 

'> « < n 1 -> q m ffi a * - > t w t ? £ «) <?> u =y x h a 9 - > t ffl 1 1 t u ie m a # r* 
Bu ie « 1 ffi « 1 t>- ^ £ 7- ti 7 u 3 fi m ic , natijrtzfew^iit u < tt £ £ n t 10 
iu < tt^i» ^^lotiitiiffi^iicfm 1 l t n ie ft a ^ 1 ffi t n ie » 1 

** » I <D Si 7- V IR 9 U l) ft * C »JK * Z I fi * . 

mi ie « 1 mm 1 ® s ±q \/ yx b Jk z/ wl u v z nc»itti7n zftitiitist^ 

Iffi V , 

Iu IE * S ± C l« 7 tl ft II £ S fli & & flu IE « 1 aattitJUK. 9 
IftuanffiU, 3 * H Hi £ ffi o) fa. & 75 a . 

[ m * ji 5 8 ] 

H!e*tt£Z*fta£Kffi#^«Z»I«ft<2> J FJ'3a5K»f. »1i6l?^l<5SI<?1. 5ft 20 
W ± V £ 3 :HC . Jfi IE «ffi*BE £ B t I, < K £ £ * . M IE ft if £ 1 IS t M t Z :£ 1 t 
U < fcG&-»m\XlLl . m %. Jl 5 7lc!Ett®3!tt3*IBIi£Hf0»Jfcfift. 
[ tt * Ji 5 9 1 

JllttS&tffliStZIffiV, 

it ie s m tt s « ± c i ffi t ff^ r? i s * - 

hd ie i s t a ? j; ? ic ffi m % 1 1 m * 1 1 ffi * . 

[ a * js 6 o ] 

aSETfflftlfi*, IyfAy?, & X A y * £ £ ffi C <fc 'Jfi ft tl ? . » S * 5 ? C 30 
[ M * Jl 6 1 ] 

ilEl6t««tI4I);l7Au, C U . A?-. W. Tot. Pt, N i jSi&Mott&C 
cft^iltisltf ^t^t#^Iff#^IR7ftt 1 Itlu, flu IE ffi tt tl 1 Y 
UTS i 0 z tfflllL a * JS 5 5-5 9 IU IE * 9 ® tt S ffl & & ffi <9 & 75 & . 

[ % w <d m m a ift be ] 

[ 0 0 01] 

* 5g be . ffltitfli^- f $S7 -j ^^sycfflDmizsttSiiaiisfi&f^^Rfi^ 

SClU, .t'iiPJBCtt, I DTlffitSitU ? i:ii»l»i5!i7ft7llZftit 40 

[ 0 0 0 z ] 
[ «£ * O ffi ] 

SlftII-7ZfACSl] ^ ft 3 D P X ^ R F 7 -r JL- 9 "? tt . I&f 

£ ® tt * ffl l£ ffi T? tt , 3 6° - 5 0° iSYSXfelL t Ta,0 3 

»fflnu7i^. cQffiittSflitt. Httaiafi*aflf-4o~-3 0PPin/t:ss 
cj£0]a)iij)US«ixt*t^S(.o 2 Kt0c , iirz75)S#'Sn^tiTi)Z„ 01 0 9 c t? 
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[ 0 0 0 3 ] 

EM 0 ? (a.) IC Hi t J; J IC , J± 1 tt * S 5 1 ± IC , IDT»a#»JKtil3»*tl»U 
"7 I/ ; y X K A * - y 5 2 # M 7 Xi I . X IC . H 1 0 9 ( fc ) CiTJiK. £ 1 IC I D 
TltttJfeJfctZfcto<9*ffiffll5 3;tffpja?3-tlZ. L » Z ft - U =7" X I- tU It )S t ffl 1 1 T . 

h 5 z Jkz/u yx h 5 zici4lU7iiiiliJ|fKS?tiz. c <9 * ? ic u 7 > 

0 1 0 9 ( c ) CStiK, I DT1S5 3Atfi5!t?tlI. » C , El 1 0 9 ( cL ) IC 
StiTC. I DT1S5 3 AtSltl Si.0 2 SI54#'^ffit+lZ. 

[ 0 0 0 4 ] 

1 «fe ■? c le it "it * k s * « e ® ft a li * psk ? ti t i) zsin*ii»iit©»3t^ft»fT 10 

IE *t IF X IX 1 IC 1 ^ r Xl 1 l ) 1 . El 1 1 OR, C<&}feffaffic!Ein!<?>*l!l&!S!tm** 
Sft Bft ffl El "? 3 . ® ii ffl ;t £ ffi 6 1 ? tt . i± * S ® 6 2 ± C . A I £ £ ft A I t ± J* 
*U^t»>;5I I D Tlfi 6 3 #W*ft?tl 7 II Z . ID US 6 3 9lMU7U 
ZlfilUJ^iSCtt, «itt*feaSHttc)lfiigFllB4tfr?5!itftTllZ. * 
, IDTWtt6 3S&f«ffi*giail64t»JltId;7C. IE ft tt * £ tt S $ * tt 9 ft Ml 1 
6 5#lffiltl7lll. C <0 %'a ftffilClE«<&»&* Hi£Hi 6 1 "? I* - ± IE * a PI §1 
6 4 J5 e# ft II m 6 5 # . S i 0 2 «y«D3ffi*H»^5/ 'J zi->«V-©S*«tt«3Wnrd; «J* 
S3c?tl I a^'lEttraT I) 1 . UU?tt, ± IE W ffi Jb II Bl 6 3 <9MC J; 'i , ff C£« 6 

1 © * t i m i ic & a 1 7 m a % m<o & m ic * z « & © * ft # up $y r *i z ttti-zui 

20 

[ 0 0 0 5 ] 

ft £ , T IE (0 W IT X IX 2 IC tt , 7k £ * £ ft Z 7" K L) f 9 L » H « Z J± * S ± IC . 7 ^ 
$:^At45y<5tI#^Iltt^i5r7ft73t 'J , 7 ^ IC S i 0 ? Itl«U^« 
, ^8 i 0 2 ItfffllbU7S7 1 * - hSiltttlMittl^^lf 7I17 1U. CC 
? IS , T ffl ft IC & U A » 5 tt « iff tt # •» XI 1 X 7 XI 1 I) 1 . 

[ 0 0 0 6 ] 

[ K SF X IW 1 ] 

*»1T11-I 86866^^ffi 
[ » * W £ ] 

J»lT6-ZB8iB5ffti 30 
[ 0 0 0 7 ] 

[ % W ■» M 3* U J: ? * r Z fi ] 

§1 0 9 IC ;Tv 0 *L J: ? IC , 9 S ISSSHttt S « t Z ii) C 3 t 0 ? Itf)(Il7 
5I3ftiI*IIC)HSS?tt, I DTIS5 3A»Stt?l»h ft ft U £ U fiP 
8iO z Il54<9*IHl08i?ff*SZU*IC«Z.«£-37, ± IE 8 i IH 

* ffl <o a a © ft ft ic j; <; , t*Aja*#&ft*z*u?Raii#ft^fc. * . i d t mm ® 

[ 0 0 0 8 ] 

#>5,XlWllUiEtt9»tt*IBia[ilt-?tt. IDT*ffi6 39«afiSlC«ttJgSBt64 40 
WMJXT Xl&'&C ft Mill 6 5 » PSK t tl T U I . ftoT - ft!iSl6 5<Z)*itTfflftt 
i:«7H. 
[ 0 0 0 9 ] 

X «{ 1 IC IE M O) m ? . I DTlffiG 3ttA I * *. tt A I t i * V t 
I^iCJiyHflertLTDfe. C 9 I DTI66 3 IC K t Z «fc ? IC * a £ Pel K 6 4 # P ^ 
Tft7H^#, I DTttte 8CJi(ll7t»a&li*StS2C^?f ^ © 

fed), 2, K ffi » tt « y IC 'J v?*tfil)#t?»iZ Vl)7WStfJ)ofe. 
[0010] 

^ >i IC , X IX 1 IC IE m 0) fk & 15 5£ f tt . ft II ffi 6 5 t ff^ffi t Z IC ^ f . * ffi }^ 1 H 6 4 
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, IDTWtt6 8#UVZh*Jttm-*fi**tl3»tlfffcofe.tt-3T, I DTlffitl 
Jj»*Z£HVUT. «*ttlSll4Itlll7CV#??tt#ofe. tSftt. [DTI 
ffiM £ B <9 ffiH C fc'J & ft -> . 
[001 1 ] 

[0012] 10 

* % m <0 g ft tt , lSbfe«*ft«i9attClfr, I D T M <9 * S ^ Pal £ I D T * S 
±CffiS%S#r^^+lTl)I^ft*fflilglii&'i-o)^3i^3£-?^oT, I DTlfie) 
Stt«Stft*CXf < , tt « » tt 5 V C * H 3 'J y 7° JHU J: Z ^ ft^^lt^ll'ffi ( . 

« o t . sttffiif tt^ 7 * ;u * » *tt * 1 1 «*. in & ts I A z# © t a* 

t 1 C V C 9) 1 . 
[001 3 ] 

< , I DHtttIfKt?iB»!W9SR<i)SJ8tf'>S<, I D T * ffi 9 A * IU J; IM % 
[00141 20 

[0015] 

iau*J:?C, » IF X IK I "? . 8 i 0 £ Itf fflftlZC^Ci'JJlfittttStttt* 

amizcvtf^ttiTiiz. ^ c ? . *iaf§afl^^tt - jA*«i?7<iH't4H<, 

ZClEKOfllffiVlnlttCUTlTK-haWtt^lIiftttlfi^tffSU. 3* *fc t SB S U . t 

5 ft t , L i T ol 0 3 * tt ± C , A I *ms3*ffitPJd?l,. 8 i 0 z HR t WfM U . IK S 30 
iOjlUSltfiltUfe. U # U S , 8 iO e Kt»J«Ufc*C. 

[001 6 ] 

iJawma^iES^jxscik^TX? 1 u l i to.o 3 LiNto s st ti im 
. HZJae*H8csttJ;7c, l i Ta.o 8 ifiicA I # >; sJiitiBstu , nc 

8 i 0 2 ItffmUfeSe, 8 i 0 z I^SitftiittZC^CJ; 1 ^ SMSSffO. 
0 2Sin3iatmffft^^. S ft , 0 2 £ t# E 3 tt , *M =5 - B (0° , 1 2 
6° , 0° ) OL i Tcl0 3 SSlC7l^:n, ^ D Tlfit 

S-«7<9Jf^?^flJU, 7 ^ IU S i 0 z KtP«;UT«ZStt*II»lll<9«ffiBtBH/A. 40 
V, S«l6&V®l«t^tE?S)?. S ft , H2J£&fE3CftitZ?SI*tt8iO i >ffi<Z> 

* m t e z Jku m 3 * cfv t £ ? icTfflib u 7 d « ti <js»«S £ ib t * 

U , Mtt S i 0 2 K0*nt?fflttUfeJ§a0fi»*S4>*tttm*. 
[0017] 

02£&f08#'?E'?#5iJ;'yc. ft*9AI tf^aZltttlUfeidCK. S I 0 2 

ifjiitf aitticvcj;'] , «aiiJs®fciflcHftii^s»*atto. o 2 s s * 

7l)It^^fi#L ?5)feiJ), t*5XI-y?/t>F»#U5<5 l J, £ tt ffi 1 

6 » 3S A C ft I) 'J v?^#il) 7 * * A, 14 ti 1 . 
[001 8 ] 
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ffi <9 Hi Jf 7 * 3= < LfeHTt, S i 0 2 |c)II»f iHbtftfei^lCft, & « S tt 
[001 ? ] 

CftlC^UT, HZAl»H8#i»l!i}#8J;7i:, A U ^ P t » >5 8 I lfi"E»«U fe* 
ft C I* , S i 0 2 1 9 m tt * ffl ft t T Jfi U *§ ft C ft I) 7 i . «tt<9llJft(fJi*t3C 
-3 tl "7 . M « M 7C ^ < £ 3 C >; t) # 3 . * It 56 «3 * >4 tt . :(5J;^8S]£Cllf 

[0020] 

* S3 0 S 1 9 % Bfl C «fe +1 1* , J± V, ft S £ * . flulEJI^ftSSllCMrtlTfi'K A I <fc 10 
U £SSg<5£R£fctti*£Rt£j*#fctIft£#<7aZ'>tt< U 1 -3<0 I DTltt 

fu ie'> # < n 1 ^ © i DTistfiffinTi^iSHtufea^iMcfiiiT 

, ffi!E I DTlffi^lf b UliCM 1 7a£35lM%S>;, flu §E I D T 1 
!8il!!ltSItU?i:iEKnfe«ZMttiniit, _h IE I DTltt«)*fi#, 

* 1 MttlQffiK© 1 . 5 IS W ± >: 7 ft 7 l) Z ® ft S H ft & 1 M « 7 tl Z . * 1 <9 fS 

y 7 ^ » ff 7" tl Z . «t7, (l»tt»llt5lit32V*?n. 
[ 0 0 21] 

2 0f!0H0iAl)SffllC <fcftff . ElttlSV, MlEJ±lft*t£±i::F*E!i7tl;fe'> 
5< U 1 I DTltL Ij iE I D T * ft ± C P Jft 7 tl 7 ft 'J , »o I DTlfitl 20 

SlitltlH < ft £ J; 'J £Kfi:fc&c*lifc$Rfcl, <tt-&i»^I#atHV 
, ffliE'>8 ( U 1 T<5 I DT «ffi#Pfl? 7 tl 7 I) Z IS 7 It I) £ $ 'J © ffi M C » I) 7 . 
fu IE I DTlfi^#aiII^<Pftlfi!)Ilf VB#l UKJftfctZ.fc'yCJ&SKtJlfc* 
1 IB ft 1 V , lBaEftMi^lll«^»*1«»it»It«atIJ;?ICBJ3?r*l*.*Zftii» 

i v t « ^ z , » tt * n at st i t ti 7 . 

[ 0 0 2 2 ] 

«2<9fi!BB<?ft7 1 !tf£QJSffl7tt > ± IE I D T «tt£ ft II £ I ! # ^ £ 3 ft i tf & <9 ¥ 
«SS», 11CKKl9ftK9 1. 5 ft W ± * 7 tl 7 ft U , i *tlCJ;^7#«[i|*tt*7 

* A,*K*fc±C*4lZ*5ll y 7 # AS « ?h IC 7 7 h 7 tl . » "3 *S 7" tl I . 

[ 0 0 2 3 ] 30 

* 1 . »2QfgB3c9^Z!tf^cZ)«la-?tt 1 ± IE 35 1 , IZ^IIftl^SiOjCi'JS 

[ 0 0 2 4] 

* 1 . *205SEc«ZStt*l!l»iSffl*. » * U < tt - ® ft * ffl ft © M 7 *'J ffl U £ ® 
elli^lfJiI. StlllltiJSMtfJffltZilHTB;, ^ C PR £ 7 tl ?* < J± « 
ft ft 2tSfflc)S»t^JfflUfeffifflS«S?ltt*H}i^t^*^7tl7tJ; < . ft 
?lltt I D T <D Sttl m ft ft ?& 75 |q| JMIJC&ttSS t lx it fcBft* H »H1? ft -> 7 6 I) 

[0025] 

* 1 . 3! 2<9^iClIStt$fflililB. fi ^ 2 « * ffl ft tUS ^ ® ft S 1 ft 7 ^ 40 

>cffln?:v#?n. :(5J;?8ilftSiltti^tt, i^-hSttffi^-7fto7t 

[ 0 0 2 6 ] 

« 1 , 33 2©f!0^C«Z^tt*ffl^»l(Z)ftZW^<D^ffl7tt, ± IE K I D T Iffi 7 
ft Z . I DTlfitt, -75fttt*ffi7ft^7£J;<, ^tllCJ^7i¥A»*71&MTZ:? 

* # 7^3= 2 . 
[ 0 0 2 7 ] 

££,±lE*ffitt£«§i7fto7td;U. 50 
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[0028] 

* 1 . IZQ^BflQ^^itf^^Sffl-Jtt^ mi IE 5 * ft S « * /f 7 - ft (0 + 3° , 1 
04° -140° , 0 + 3° ) i TolOj tS?J)'J, HQ IE * 1 . « 2 <9 $ « S 

s l 0;> «fc , ;*flertiT3Tf 1 ;, * 1 . Mz^n^stMUTtiz s i o 2 n <?> £ i+ 1 » 

HS, SttiliSOilStlVlfeV^C, HS/X»0. 0 3- 0. 450Kin 

ft 7 a» , mjiEia^if^tH, »*t*iiift®ift*tA.>jufe^? : c. la^fcftttiijp 
h / a. # , t ie © ^ (1) t*fet«vttiTi)Z. 

0. 005^H/1^0. 0 0 0 2 5 X^-0. 0105BXP + 0. 1 6 4 7 3 (ffl 10 

u , PttifeoTfiSS) se ( 1 ) 

[0029] 

ii7*u^j;?iu, m 1 o> fs bjo tt > iffiti^ntiuT, 

£ H # ffl U >i ft Z . CQ^p^^l^UTtt - An, A 9- . Cu, W . Tol, Pt, N i 
[ 0 0 3 0 ] 

£ . *i?UI3:CHi5<?iItU<Bft4tfiiS7ifeZSIII^, 19$ 5 r>5 

< H 1 l©£Bffi V <D«£fc Z J; 'J *a#"M t ft 7 t J; I) . C iSQ 

as c is i> t « a © a » ^ ii if h / a- & & j± * ^ s * ® ?r >f 7 - ft & z> » i . »2<5i?i 20 

»lt8 i 0 2 K;tAii*fiEUfcJ#G<9i*S i 0 2 l^fttf^fttt^UfHS/X***© 

»ttt"*ari:^?n. * . is^eatiRtzc^cj; 1 ;, M x t & <o « t 

[ 0 0 31] 

^JSi^SS^fgBflt*, II ©9grflc*7»tt*Ilttaa©«ft*ft?ft-3T. J± 1 ft S « 

< n 1 o <p i DT*at#t^*a;^->tff^tz^(ii)(Z)u ; y B x hA>->tin 
7 mi ie 1 d t wm» mm t ti j ® ft ® % 1 ® m \i» 1 1 s t 1 * * t c . senses 

IIEiHiBBl^l/^Xi-^^fllftJtt^SrttllS^. mi IE » 1 $ *i % S S 7 ft 7 30 

1 ) if Sic, a I ^'Jta^S^^l^fettlt^lti^^^tz^^+A^^ziaffit 

» 1 ffl » » ! * ffi # U I) If C ffSE)? U 7 '> 8 < * £ 1 o <Z> I DTlfitiflitng^ 
mi IE « 1 3Ki»i»l±lc»SUTl)? U =v" X htlStUS^, H IE % 1 ffi It & S A C* I 

[ 0 0 3 2] 

*8©fgBHcl6?3ttSllDa[gIcpKjt^ftcJifUTt. ft £ U < , ± IE I D Tlftt 
tlStXiHH <Rfii<5f Itt, 5 1£^± * 7 ft , JUS iff 

* * 7 < ft tt ± C * ft 1 * 1 'J y 7- ^ * * m ft C V 7 h 7 ft , # -> ffi 7 ft 1 . 
[ 0 0 3 3 ] 

»Stai*.«)0t©?*)?. W 4 9 fg Bfl ft , ElttttfflltUI^ mi IE ff * 

s®<9^fflQ^fflic3yu7«i JEiftitr^rns^, '> # < n 1 o i d tis 

A^->tr^t^fedi)QU5/ 1 7KA^->tffll)7illE^a^r^tft^SP^(9fiM(5 

8i«iait?tsi, # 0 m « c 55 1 *e st % s * u x i- * © a i « & t # g ? +> z 

U <B^4Itifle07. I DTltitr^tUlV, ilE I D Tlffitr^lfeiC 
, SI DTlttt*«t?4BH fcBS1fc'l'£C«ftfc£H£U < £ :£ # 

^sisstiitii d t c a <?) £ n c p u 7 m ie ft 11 4 1 si t m ie m 1 as g n s <d 

iSrVBS#UUiS7IC^5!c , -rZlSy i Bu SB 95 1 M » i ± © 1/ ; 7 7 £ ft' IS 1/ 7' 7 K± 
CflSTft7tmSII£fIIIt^£tZlS*> ffi IE I DTlffilCM?tL^SItl 50 
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« V t I . 
[ 0 0 3 4 ] 

H 4 <9 f? b§ c fru T t < *ZG>5g«*|q]*C. I D T K £ &f ft S £ B II # * Z » I * 
& <9 ¥ *D ffi Jf , 0 * U < I* , *1«»»1®*S®1. 5 tt W ± * 7" ft . » ffi St tt ^ 7 

< A, 7 M ± C * ft Z * ^ 7' ^ # $ M ^HC 7 7 K ? ft , 
[ 0 0 3 5 ] 

nv, ffi ie m a t a p £ ? c $ ft a s t ff^s? * 1 1 a v , au!E*a;0fftfc*z85#vfc 

fcUSliaJ#0±fiC»itZ«lt»l0Hi[!it?fflfb*ZIfi*t*2,3, 9 tt * 1 If 10 
1 <5«J6^ft?«) Z . 
[ 0 0 3 6 ] 

*5<956^CJifl)Ttt, ft * U < tt , ± §E ¥ ffl I S K , IvfAv?, S^y*t* 
ttfllf Ci'JfitJllT. 
[ 0 0 3 7 ] 

T . HtlSbTT, * ?! Bfl © £ ft £ II S£ #J t s£ Bfl -f 2 * e j; <j , * £ BH t BB »i 
[ 0 0 3 8 ] 

H1&Z#H6t#aiUT, * fS afl 9 * 1 Q> % m m IC « Z SI * H % H 1 <s> « & 75 )S t ft 20 

* z . 

SI 1 (a.) CfvtJ;?C, tr, ElftlfiHT, L i TolO s SS 1 tffllt Z . * 

* Hi #J I- IS , 36° Y tS X «£ , * >( 7 - ft ~? ( 0 ' , 126° . 0° ) i T01O3 

I) •? ft Z . t^U, J±lttS&V L7tt, *©ISa*tt©L 1 Ta0 8 Ifcttt 

fflii7U<, Jinittffi5))±i$gi»i;2n5)tfflii7t in. ffi&ttfttt 
icffitt9lt«i0 7a3)±ittt*tffln7Un. * * =5 - ft (0, e. 

[ 0 0 3 9 ] 

LiTaOs i«i lie, 4iciiii»izt»atJ. * 31 x #J -? a . licit 
1 2 is , s 1 0 2 n c d; ffm 1 7 ft 7 1 1 z . 30 

ft » z . * , »ue»ttiz?)iifra, «-?PE!??ftziDT«a®jffrv#u 

< r ft 7 u 1 . 

[ 0 0 4 0 ] 

»! C , 11 ( b ) IU t «fc ? IU , 7 * h 'J V 7 7 7 < - ft # j t ffl I ) 7 , 1/ 7' 7 K A * - 7 
8 t W ft * Z . U 7' 7 h A 7 - > 3 7 . I DT»»l!f?ft?«8tftll7^/Zh#t 
ItUTCl/VX h A^-> 3 # #5)? ? ft 7 I) Z . 
[ 0 0 41] 

» c . m 1 ( c ) c^tp?fvtj; p c-f ?r >c-/*isit^itt^>iy f >7S 

u &n { ) <omn- t * z . 
[ o o 4 z ] 

7v**i5#ZCJ:n I E C J: -> 7 S i 0 z t X v f > 7 U J# ft . 1 ft £ l& C J; 'J 5* 

ci'ixiit^nJae?* z . 

[ 0 0 4 3 ] 

u»^«, cuiuiit, *i«!Htti2**ui)jf*cfleiiTz. 01 ( d ) c ^ 

* <fc 7 IC , »1 «ISjl2»PIS7tl7llZi« l , tSftt I DT^»J)(7ftIIMi:C 
U H 4 £ 7" ft , [B]!itCU-77KA^-73±CtCuii4#'^^tftZ„ KC, £ ffl 
«iiIl);b7T il5t»J)itZ. 11 (e) CStJ;>C> T t Bt 5 tt , IDT* 50 
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ffi 4 A ± ffl * , l/-/XhA^->Sl9Cul41Clt#7tL3C^C5I. 1^7, 
I DTlt4Att, ffl'JIlflf»1ffi»ttl2?»at+l. lltfTilSCi'JliinT 
III. U^^TIUUT, I DTlffi4AVSail»X»»J!i:rtl, I D 

frtSTZ<£?i::M7-ftZ. 
[0044] 

U # Z $ . U =r 7. K iJ II Jfi t ffl I ) - l/-7ZFA5->3tBSt2. C <?> «fc ? C U 7 , m 
1 ( f ) ca* r «fe ? IU , * 1 «H»! 2 ft it * ft 7 l) Z *tt t R u 0 «« C I D 

T 1 S 4 A # J^jft ?- ft 7 ft 'J , I DTlS4A9il»T i I 5 C J; 'J »t t ft T II I « 

^jDMl^ftZ. 10 

[ 0 0 4 5 ] 

U # Z , 01 (») CfxtJ:?C. ilC»2Si?*lB U7S i 0 2 S^Mtl 

o 

c © «fc ? c u t , lecfvti *-hS0Sitt$iltti^ i its*.. 

[ 0 0 4 6 ] 

S ft , E 1 ( ol ) ~ ( f ) 7 I* , IDT*tt4AflfM?ft7llZSJ*<9fr;lfr:ftriB7ft 

Ts&Bflrft*. u # u « am . BBcs?H7iin?c. ® e * n & ji ^ 1 1 is . i 

DT«tt4A9Stt*ma£fclfcfi|fi]iilaflyc&*t8Bl 2 , 1 3 t 1 £ 7 I ) Z . S«S1 2 , 
1 3 £ * * , I DTlfi4A^b'lSi:J; , Jif ?tlZ. 

[ 0 0 4 7 ] 20 
± IE % m m 7 I* - U-hS3lttSlIttl^ 1 1 WiliX?n7ll JfeiD, LiTaO, 
£tt 1 ±C, 1 fflO I DTlffi4A#iffln7l)i#, S8tt*!iaifi<9fl3ffiCJBl>7 
. ® IS <9 I DT«tt*WSKttL7tJ:<. U1S9J:?CS«»#I DT^-ISC 
J; 'J F* 0c ? ft 7 t «fc < , S«8»!MUrHJ:l). 

[ 0 0 4 8 ] 

A « <D * to C , ® 1 0?Ca*Ufe«*®8iO e Bt**Z»tt*H»Rl®Kft*ftC 
2P I? 7 , U-HStt$li!ittSJtfF»lfe. 6 -3 * 6 - C<9.tt8flJC3Ul7£.S 
« *f W * U 7 I* , 36° l^YSXfel (^O-i-f (0 s . 1 26° . 0° ) ) <9L 
i TolOj SfitlU, I DTlttttCuCi'JI^Ufe. 01 0 9cmUfe»ftS3S# 
i4 BE ij # 5 J; ? IU , I D T m ffi 5 3 A tP W(tt 7 ft * ft C - S t 0 z UK 5 4 * P SK 7 ft Z * 30 
to , SlO2ffi540*fflCH£l#iurZt£saofc.£RfflC*iri)7, C u # iJ S 

ziDT*ttQ^isibffi)fk/x (KRiDT*a<?)if^. xttBttSnia^aB) to 

. 04 2H, 8i02iIC7)^fSib{IIJfHS/X(HSttSiO z SS<Z)lf^)t, 0. 1 
1 . 0 . 2 2 Jk is 0 . 3 3 * U * 11 £ 9 4 > e - y > x 5f tt & &? ffi ffl iff t 0 4 c m * . 

H4#>>G»>»sj;'yc, siO z fflt9S*&ftilJPHs/;i#£? : <«zc-3ft7, a 
*Ac«it?>r>e-5 |, >7VttSAic35rit7'f>e-y>7V©Jt?*)?^>e-'> , > 

X it ■» i\\ T < « Z U * ft » Z . 
[ 0 0 4 ?] 

* . 15tt, ikRffll?»ff^ft*.5itt*lI»ttlR^®Bi02ll®a«^ilJfHS/A. 

L ftI^<i)MF (F i nre of Me)" i t) ^SStlt. 06#i5|i># 40 

8 i O z IQIS»S< 5JCTtl7, MFtffiTt? :^#1d#Z. 
[ 0 0 5 0 ] 

tSfit, 0 1 0 ?ICfafe«JfiSC?D7, I D T m & £ &f 8 1 0 2 H t F*J# U * *§ £ 
. fcUCuCJ; 1 ] I DTltttiflibfe^Ut, 8 i O a IOll!#l! < 5 S tl 
7, iftttff*?=<£ftUfe. Cfttt- 8 i 0 ? IJlClliLfeBfl^il'rniSU 

[ 0 0 51] 

:tiC«L7, *Hflsfll<?>l{ft££CJ;ftB:, 8i0 2 li<7)liJftii^7-it*^^7t!tf 

*t©9eft#*i>*i)cv. 0 7 ~ 9 c /Tv * . 

±lEHasfi!lC«£o7»tt*IIiftttS : 3-1 1 t#fc»^<P8 1 0 2 B <9 JS * , t « 50 
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ft "V , X 2JKilt!tofi6<9J**t3Ht?t!:fcJ*a<?M > C - V' > 7 !ft ft £ ffi M ft c9 IHt 
;Tv t 0 "? 3 „ * . 08£&'0 < ?0Mtt 1 i: ft Y ft . IH^JCfillTS i 0? 

[ 0 0 5 2] 

4S » , B8J5&H? Cfll)7tt, ±lEJtR0J<?>i!iSt, £ * ? 5* T . 

B7t, El 4 * it 15 t tl K Bfl 14 # a j; p c . ± IE % % #1 "? tt - Jt«fll«5»^Cit^T, 8 

ft » 3 . 
[ 0 0 5 3 ] 

* , H8&Z*H7®aa»«5«>i#SJ:7C. ft8fflCA^7, 5SJSfllS>»J&£3;C«fc 10 
tl I* , S i 0 2 K9«tt^il)*HS/X<?)Jiincff7i|fft<?)*^#WiSiJrtl3CVt(rt)# 

3 . 

[ 0 0 5 4 ] 

tSfit, fcfUfcflKDftifcfifclCfcftl*. ±!E©J;?CSiO e ll©ilJStJBa]t-ttfe» 
e?^7t, OC-y>ZJt9fiTtfil)ll<, *f ft © $ t UP S'J * 3 U * # ? ?= 1 

[ 0 0 5 5 ] 

ft £ , B1 OB, 8 iO z i9iS^, £«flJ£^£ftffl0H£fift?#>J:|lfcSE*II] 

0 1 OCSU7, S»*JkRfl!l, fcttffSJSffl^aStmT. 20 
[ 0 0 5 6 ] 

01 0#^^#5i?C, ItltefllOlfltfiftlCfcftBr. Sc0 2 SI©ffil?tii^lDrt!:fe 

* a c , » a s s w tt t c f t ss w n c » u t s « ft c esc § u # s z y ■» ft » i . 

[ 0 0 5 7 ] 

11^,7, $Sii9l!)IJS7B;, I D Tlfitt, A I J; U I^fi<5C u CJ; 'J *fl!T 
S I ) U y 7 t WS'J t 3 C * ? 3= 3 . C ft t - JJlTCfirUTB&ratZ. 

[ 0 0 5 8 ] 30 

CulCffiHA I fflttEl)feC*tl»L)7tt, ±fE£»0J*@«CU7*2®.tt:8fll©S 
fPSUfe. fflU , 8 iO z <bH*J?HS/A.I*0. 0 8Hfe. 

t5ftt, !fi1<9iieilttoS(9lffrc?)ft*&ttKJ?tO. 0 BHfe. C3)J:?CU7#U 

£ ft * no M a s =s- <d 4 y t - r > 7 Ji is fit ffl *f ft t 0 1 1 c n & -? * t . 

[ 0 0 5 ?] 

£ 3 ft * no % ft s * © ^ y c - r > x & &■ tit a ft ft t h 1 1 c«ifst. 

[ 0 0 6 0 ] 

01 1 <5i®»^Efi^#SJ; ? C, ±!EH*0j0K3&fiS5C«£ofcfcU-Zfc. I DTIS 

u i 7i5)i i b 1 » -5 s i o 2 itisrifca^ca, 01 1 9 * *p a ? m T X * 2 'J y 40 

I* . 8 L O 2 tlb5l]|ftSliSttI^7Klil7llSH:^fi#L 
[ 0 0 61] 

I D T « tt t Jf*$t U £ l« £ IU tt , ± SB 'J v 7' ^ A » * ft , W ft 9 * t 31 * 1G U t U V * 
ft # 2 „ *If H^ft, C(?)*Ct^? ^C^Sbfe^i, I DT1SH7, A I <t 'J 
Uftfi<54RtffllltlK, I DHa<5)SMSHtl,^^);»7r, ItlCJ;^]; 
IE 'J y7-;UAtff*'JUi#ZC*tjiaiUfe. 

[ 0 0 6 2 ] 

t«t)t,±iEHasfi!l^|nH*t?)«Jfe^ftCfiloT,'fflU, I DTltt4t«J»tI4I<!) 50 



(1?) 



JP 2004 1 1 2748 A 2004. 4. 8 



llti^S^t, ±!EHlfe0J*|n]*CUT3¥tt*ffl»#:|fi*tft»Ufc. Z <0 «fe ? C 
UT#iJftfe»tt*IIiftttJR ; 5-®'f>e-* , >Z*til!fetH1 2 ( ol ) - ( e ) C 5* * . 0 
1 2 (ol) ~ (e) tt , ^ftTtl, I DTlliS&«IiBB<?«i#3t<5f WSfi/o, 
0a1««S0SSP2 C^tUP, /PjJf, 2. 5, 2. 0, 1. 5, 1. I Jk 

z/ 1 . o<5»e<i)tst^t. 

[ 0 0 6 3 ] 

01 2 (ol) ~ (e) ft^BEKft^pi;:, n 2 (a.) ~ (c) -? tt . ± IE 'J y 7* A 
» ¥ M ?h C 7 7 K r a , 7 «J C H 1 2 C a. ) ? tt , ± IE V v 7' )l A » % U < W ff 7 ft "7 I) 

[ 0 0 6 4] 

ZSIAtl. 5ftW±**ftl*. ± IE 'J v 7- A- A t £ H % 15 - R ffi 1 i£ 15 9 * jg ® 

*wc5/7i>r-tt, A»sWtts>ttmizcr*flf*>»z. * £ « & » * u < u . ± ie a 
js it t 2 . sfSiuntiff, | jy?*i#tdv? < u*3c^#ft#z. 

[ 0 0 6 5 ] 

0 1 2 ( a. ) ~ ( e ) "? tt , ± IE £ M IC ft o 7 , I DTIS4AH:, Til#il7 
tlTlli^iH, ±iE 3 F^ffiB*ffll)mi*:#> W C ft I) T I* . I D T *ffi 4 A ± C . 
ffiitll»i^t urUil). 19»6Ctt, IDTM4A<d>J?frt3i19ffili% 

1 9 I ^ 1^ b C I 7 , I DTli9ftfi®»1 «IttiOSfiC«t?itt 1 . 5 M 
iU^i»8f b (, 'J » £ U < tt 2 . 5ftJi».±**lll*J;<. ± IE * [5]* <9 £ 

[ 0 0 6 6 ] 

«t7, S I 0 2 ICt'J I D T 1 ffi t $ II U 7 2 3 ® S li & A ft } C <frl I 7 , I DT 
*tt®AK*)7l)tt I DTlttVftIillV<!>aift?)f *S*It, I DTlfiOfllS 

cffliTz»i«s»s<?>sis«fc , ;££? ! <*tiBr. i DTiftij/RWSStBi)?:^ 

^tilCJ;r>Ttt*A-Stt*AIBlC**l.Iilttt<?)*^t«i*UU#lC^*ift)#I 

a 

[ 0 0 6 7 ] 

s ft , a I .tusisi^titi {tt^tnitt, cu<5ft, a?. Ausy^cn^ 

* , » £ U < I* , ± IE £ M 9 d; ? IU - IDTlliC, ftlilKtaiUfeiftV 
T ft l# , 01 Ca.)~CS')C^Ufeltft^3*»>»ifl>»»SJ:7C. l/ : /ZhA?->3 
t f !l It t 1 M C , I DTlffi4A<i)lIffi 1 lii^IZCct'JititLTfi'J « # -3 ± ffl 

*mm 11 £ s m 6 c d; U ft ft ft 7 u z £ <y) , i d t «*s 4 a 0 jb * t us ± * z c * # -? r z 

. J; o 7 , J;V-S&»2!ftftt£*ZSm*II»#«*t«ttUfcZU*#:fc>#Z. 
[ 0 0 6 8 ] 

t C « 8 1 Jjl 5f 9 8 t Ox N y Sy0ffi0fiJ^tteSC§$fcS<59)Zffi3lt'li*f3ftC«fc 
'J 5! 1 , 12(5«a»ltiJKU7UU. »1. M2<9M»SttH£Z$M 

SS7Sslin7U<, ±IE 9 J: J C# U I) «SK* ft 7 t «fc I) . 

[ 0 0 6 ?] 

01 8 0;, 7t 4 ^ - ft (0° . 1 26° , 0° ) QLiToLOiSliC, ttUSfr? 
«Utl7fflU7 I DTlfitiUbfel^C) 1 DT®**^b«JfH/A.>i, 

[ 0 0 7 0 ] 

0 1 3 # * ft 3 , AlCik^TWa««i8fi^«»»fX$ : <«?«a<9**^BtJft* 

tlCTii7i^^v:?>, @ 1 4i:stUi##Ufe. tsftt, 01 4tt, ± IE l 

iTOLOjtaiC, *^«ftS®4B#«7«?IDT*at»j3KUfe»^C, ± $ U £ 
«fc "? C A I # ^ £ Z I DT«ffitMUfe»fcCJt^7«§L«HlHi£«»;lfr** : (511 
ffiHJfEH"£/T\T07 l foZ . 

[ 0 0 71] 
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H 1 4 C fir I ) 7 , &£B#^£31ffi^)IHicH<Z>?-t7±PI#\ A I J; 'J tlli«S^ 
« M * 3= < S 1 £ H © PI I* til 7 ft 'J . £&K®KIIJS£H<DTlSttft»l!&#tm*. 

is»«aft*»9*?suii*i9iity, sitx^ u7±PRt-)^^7E^t^ 

t . y = 0 . 0 0 0 Z5X ? - 0. 01 056X+0. 1 6 4 7 3 *22., 
[ 0 0 7 2 ] 

«£ o 7 , «^9*WffitJittBy9^#ffi«lllifefll<9atifl#'7ifli7»«J:"?C, 14° - 5 0 
° IaliEY®XGfi(zr^7-ft7(0° , 104° -140° , 0° ) ) <5L i TolOs 
S 3 J± * S tS ± IU * M $c ? ft 7 ft 'J > 7<4IUS iO z Btta*^BtJSHS/A.O 
. 0 3-0. 4 5 9Sl?r^t ft 7 L) I tt&ICfr I) 7 . * ft © $ IS IS If H / X » . 
0. 005^H/1^0. 0 0 0 2 5 X^-0. 0 1 0 5 6 X P + 0 . 16473 10 

sen 

t $§ £ r *§ ft , 01 4©as#»iw»i#isj:?i2*s««aft*sta(y)ic^tff-?ri 

[ 0 0 7 3 ] 

* SS E C 3? I ) 7 tt , IliK, ± i& Ij & 7 >l ^ Z 0 L <k <) t & & <D Mi I) & M ^ m [\ ~Z MM ? 
»JKtjl7U7t J: < . ft 3 Htt7J^: , 5^tiftVtZftt?lUS7tL7U7tJ:ll 

, a48ivaszii#Ha?ftfezi8Bq)ai#i7.#ji!;7ii7U7t in. m 
1 ic ^ u * tt m j& ? ft 7 u 3 *§ ft , la^TASitP, itziii^ti^sst 20 

POU^I^, P0X0. T^^POXI. 3 t »JE t Z T^ftJS?*) til* «fe u . 
[ 0 0 7 4 ] 

* . *9B^C3VU7tt, ± IS 9 i M 2 $ ^ % S 9 * ffl ^ ¥ JI ^ 7 ft 2 :9fffl 
V , ■ tt©BJf®8 0*WTG>l3i[]]t*tZfc®"**>fll*J:ll. 3 0%tBU^ 

[ 0 0 7 5 ] 

7 IC , ±aE9«fe?IC!BZffi*»i®¥ffl^tt. «US^7fiftftL flJ Jt I* « X y f 

%S*ffltffil§t37J>£, ft 3 Uttlffit Met 1 H&QYVt&W Y> ft I . C +1 S © S & 

I* 2 aw ± E 7 tl 7 £ J; I) . U tm 9 j* 9 £ SB t . 01 0 2-01 0 5tiKBfltZ 30 

[ 0 0 7 6 ] 

01 0 2 Co.) - (c) tt , ly f Ay ^JSCi'JillilSltf fflltt^a?^ 
3 . * t 5 , 0 1 0 2 ( ol ) IC m t «fc ? C , ElftSf 4 1 1C, lft4 2#»Din, u 
#I*ffliftitt«4 3^^fi)?rtL?. 0 1 0 2 ( b ) Cf ti ? C, lffii»»«4 3±CI/^ 
Zh44#Xf>D-T07 , li:J; l Jif7ftI. b-7Xh44®*lttTl?JiZ. 
« -a 7 , & E tt >f * > X y f > 7 C «fc 'J X y f > 7 T Z C Y C «fe M > tS 

fetlvfAvKJ; 1 ), 8 i O z 5y#^If«l4 3 9*ltTI1ttIC^» 
7 3= 3 (01 02 (g) ) . 
[ 0 0 7 7 ] 

01 0 3 (ol) - C <L ) It , &X/Cy*ftt&G*Zfcto0*«S«llSrlilE?iftZ. CC 
7*1* , Jl^'ttStS 4 1 ± 4 2 7 ft , b»ZilEI»l43»i5l(n^ ^ 

17, 7U>^>«ytXAy ^ 'J>7Ci'Jl5«l4 3 9SlCMtZ. C <9 
'f<r>ft,tS4 1t7AyytZfe^CfflimtL7HZ. ^>#tSCl*U. Z A 

S7Av*»a#*«i*l?. C tl tt . A t*$i> * V U 7 50 ft 7 I) 3 . COiiCi'J, 
SHI4 3<9Slff, 0 10 3 ( f> ) ~ ( ) IC * t J; ? IC , Z JK v 9 V y 7 * Mil) 1 
C«o7 3 fffl1tt+lZ . 
[ 0 0 7 8 ] 

01 04 (ol) ja c* c t ) a: , «i»itist zu^ci'if uttna^iti 



40 



50 



(21) 



JP 2004 1 1 2748 A 2004. 4. 8 



fcd»<D*5\:«i8frlIIE-?*)Z. 11 04 Co.) c5tJ;K, S * 4 1 ± C , « tt 4 2 & e* 
[ 0 0 7 ?] 

0 1 0 5 ( ol ) ~ (g) I* , ItitiBtZOfCt'JfffllttSZJiSfJiJ. c c -? 
tt , H 1 05 (ol) CftJ;?C, * * 4 1 ± C , » 1 «HI 4 5 t I fci, « tt 
M*^£3:£B]I42At£ffii:j3**¥i:jJ;UPJ£7'ft3. U # 3 01 05 ( b ) 

*S42#^tt^^Tl)imM©HH©mHilCP5)c , ?ilfe«1*e^%S45tr^t^. 

C <9 <fc ? IC U T , »l8Wl45S&lfe42«)ll»l-nft, T ffl ? ft Z . U 10 

* 3 « , 01 05 (g) C m t <fc 7 C . S! 2 M % 4 6 t ff^Jft t 3 C V IC J; U , * II # T 

[ 0 0 8 0 ] 

* f? BE , 4l*£®ttSffl;££tlC)tfflt3c*#"--??=3. C © ? £ ® ft S i i£ £ 1 <9 
fll t , 0 1 0 6 ( ol ) . ( t ) -11 0 8 C m * . 0 1 0 6 ( ol ) JkU ( b ) tt > ^ ft T 

ft , 1 * - k m m * 00 % tt s * 4 7 & 2 * - h § $ ^ * m % # s ^ 4 8 <o t 
^raiaftTiiH?*)?. * fe . 0 1 0 6 c b ) c^t 2* - hisiet isstti^ 4 8 

^ |H| U m H72*-h S96*fflilttfi^ 7 ^iniflTUH. 

[ 0 0 81] 

? «J E , 01 0 7 S&fi 1 0 8tt, t ft T ft . 7^-!!7^>&&7f Xi7^H 20 
«tt**t^t*aft¥lIH?ft?. 0 1 0 7 & Z? 0 1 08Cit7^-S7<ilH? 

**lC«oT7y-l7 J^fi&7f 7l7<l>ttf!!tZ:^?n. 
[ 0 0 8 2 ] 

t->U, ^ f£ ^ , 01 0 6 £ ^ 0 1 0 7 IC 55 b *tt«ft t * t ? » tt * HI M R 1 C 

■ * * SJf r ft 3 . 6 - 1 6 4 3 0 6 ?&«Ctt, A u U4I# ^ 9 ? Ill 

34 # S tt © 31 l) * A h 0 )& j; 'J t » < ? ft . 1 tftCJ;i7l;W^#5{5 l i, ^ 1 
[ 0 0 8 3 ] 

b#U5#^ ± IE 7 7" i£ "? tt . S 31 * * $ m C 35 < a 'J - nc#T7lDT9Cyf 

ffih7<5^ni5n. t^7, tjd i c?> it is ■» a < a mzmu-ff^itt i . m 

XT s I D T © tt ti t /J\ t < S 'J , ffi fit IC J; 3 » * t ±1 X t 3 . «£ -a T . « % » X < a 

^ r 3 t # a u . 

[ 0 0 8 4 ] 

C ft IC *it U T . * 55 ? . ±!50£7«77i£tfflUfc3<tt*II»tSiI*tt«S 1 ;. A 

1 * tiiiii»^iitfitfflii7u7ctifii;r, sft<9ftu«S3ft*iii&t 40 

[ 0 0 8 5 ] 

* 9 ffl C o 3= , £ B ft ZT Y C % afl t ? C * * t 3 . 

£ ft , *fgE?flll)»JftZAI ^'Jt^S0)7C$=l)^BVtt, (1 ) AS 1 5000-2 
3 0 0 0 k^/M 3 SCf>7*0. 5X1 0 1 ' ~1 . 0X10 ll N/m 2 ^3l)tt 
i»f it# 1 0 0 0 ~ 2 0 0 0ln/S7J)^l, #1 *, I* A U , (2) SI 5 0 0 0 ~1 
5 0 0 0 k^/lfl 3 S»f>7$0. 5 X 1 0 1 1 ~ 1 . 0X10 ll N/m 2 ^3l)tt 
iitf it» 1 0 0 0 ~ 2 0 0 0 m/S7jfi^$l, ffl^KA?, (3) * fi 5 0 0 0 ~ 1 50 
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5 0 0 0 k^/m 3 S&f >7$ 1 . 0 X 1 0 1 1 - 2 . 00X1 O 1 1 N/m ! »?ll 
U*iUi3*#Z 0 00~Z800m/S?ft?4B, ffl^ffCu, (4) III 5000 
~n 0 0 0 k3-/tn s S&f>7*2. 0X1 0 1 1 - 4 . 5X1 0' 1 N/tn 2 *3 
Utt«Sif)*#Z 8 0 0-3 5 0 Orti/S-?U4I, ffl^ff^nf >, (5) S Jt 
1 5 0 0 0 ~n 0 0 0 k^/m 3 iifr>7$1. 0 X 1 0 1 1 ~ 2 . 0X10 11 N 
/ m 2 toZi)tt*»M#2 0 0 0-280 Om/s?JiIil, fll l# * > * , (6 
) fSl 5 0 0 0 ~H 0 0 0 k 3-/m 3 S&(f>7$1. 0X1 0 1 1 - 0X10 

1 1 N / m 2 *)Zi)i**»M*M o o 0-2 o o om/s-?JiZil, flj *, w ti £ , ( 

7)iI 5 0 0 0 ~l 5 0 0 0 kJ/m s I&f>7$Z. 0X1 0 1 1 - 4 . 5X10 

1 1 N/m 2 »)2l)»«iCf ftff Z 8 OO~8BO0ffi/S?J)24I. ffllffNi, M 10 

[ 0 0 8 6 ] 

11 5 tt , * fg Bfl © flb © n % ffil ic # ^ » tt * ffl & n t Y L T © s ft ft ffi * 7 < a, * t Si 
[ 0 0 8 7 ] 

StlliSglM ft, LiT0LO 3 S*22©±lllC. I D T 2 3 ol . Z Z b JZZ/Jz® 
K 2 4 ol , Z4itJB5KUfe*iitt^t?. * . I D T 2 3 a , 

ol, 24tti?J;?i:3i0 2 Il 5#i«?-tl7llZ. Sfi, L i Ttt.0 3 SS 2 Z 
H7tt, 25° - 58° SllKYlRXfeflfe(^-<7-ft (0° , 1 1 5° -148° , 0 20 
0 )) L i TolOj SfiWfflimtL?. :s)H5NJ» F^lliYSXfelL i Td 
O s lfi-?li, aS£8#*H, TCFtSlttL 
[ 0 0 8 8 ] 

IDT23ol, 2 8i£Z*&*W8824a-. Mitt, A I CA^TSI^IntSCJ; 'i 

* J5J? ? ft 3 . ?5tln7tt, A U > Pt. W , Tol, A £ > Mo, C U * Ni 

, Co, C m , Fe, Mn, ZnJi&T i ezif#i5S«rftfe'>s < U 1 i?i 
■ s<vt^0i«T£jfffr**zft£#*ir*ftZ. 

[ 0 0 8 ?] 

± IE <0 «fc ? C . A I CJfc^TftKOftUSlCJ; 1 ; I DT2 3 a, . 2 3 tj6&fift8SZ4 

ol, 2 4 i#»SKrtl7l) Zfcto. IDT 2 3 0L, 2 3 t & V> SL fcf 88 2 4 o. , 2 4 b Q H 30 

StA I tfflHfeadCit^7fl< Ufe»ft?Jio7t, ill 6 - 01 7 C * J; ? c . 

* ft m « e ft « s £ s « « s t e w 3 c * -? $= z . 

[ 0 0 9 0 ] 

^17, lsEOJ;?ClffiIStI< Z. 8iO £ lZ50JffrC-3l)T 

0. 0 3- 0. 4 59iSH?J)?CV*»*Ul). S fir . H S tt SB 1 . SB2«»ttIt8 

L0 2 -?%ScUfcMftQfti+c;))f^> ^.&ift*iis<i)iHt/Tvt. ^iicn:); 

7* , 8iO z ffi«f5il)»dJ: , ;Ml5^»t**CyJvr<t?C^*-?r, □ X * RJ «6 
V « Z . 

[ 0 0 9 1 ] 40 

[ DTtIffitlSKi:<t^7t^5]»\ l^UAuI»i5iiS3jl6, IDT23ol, 

2 8t©9e*Il5fiQ»5?*ftibTftfcffliJftt0. 0 1 3-0. 0 3 0 2fftHll. A 

u it * » u v , i d t » 3i * s <; & fit 1 1 o (9 -? , j; U # * u < i* o . 021-0. 03 

tff » * L I) . 
[ 0 0 9 2 ] 

* IS BE © « Z ® tt * ffl ;£ !$ 1 "7* tt , -t SE 0 J: ? C . LtTa.0 3 4^2 2±CAlJ; l Jt 
S)I<97;?=l)^BlCJ; l ;iDT23cx,, Z 8 t !K7ft7 Jif 'J , 3 I DT Z 8a., 23 
b (omfrBBtft < t J -O J . d;oT- l&Stftt*b , i O? IZ5 
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[ 0 0 9 3 ] 

36° 0 *K Y IS X £ * . (0" , 1 26° , 0° ) OL i TdO j SfilC 

, Al DTt«Sbfel&, JkU A U , Ta, A f « Cr, W , C U , En, 

Mo, N i # ^ 45 3 I DT<9S«<9ffiS-?BJ«Ufc»ft0«Sl««lHi£«»Ks a. w & 

( a ) * S M « IX I Cef I 9 * ft t B 1 6 , B 1 B & & B 1 7 C t tl T ft ^ t 
. 4! ft , ftiil 1+ # J . J. CUmP te I I a-nd W. R . Jones: i ee 
E T^ans. Soni.G&UltJ'a.Son. 8 U - 1 5 . P209 (1 968)<9 

[ 0 0 9 4 ] 

1 1 6»>7^^»S«fe7C, A I # ^ 45 Z I D T C ft I ) "7 , aft^rft*.BtffH/A.tffO 10 
. 1 0 , 1S(S«8^SS!K S „ w ttHO. M-?3f)I. 45 ft , H JI ^ , X I* S 

tt £ ffl M © M 5 t /Tv * . C ti C *t U T . Au, To., A ? . C^, W , C u . En, Mo 
, Ni»^IIDT?ttH/no. 0 13-0. 0 3 b Q&mY b JlMS s £ <) X? 

55 «fc 7 C , 1 J¥ H / X fa IC II ft H r , A I I DT^ttMStlXaffaiJO? 

# I <P C « U , Au, To., AS", C^, W, C u , En, Mo, Ni#^I I DT"? 
I* , M * £ ft # # « C X 3= < 45 7 . 

[ 0 0 9 5 ] 

<t^7-S? (0' . 5, 0' ) 9L i Ta.0 j SfilC, Au#^5 J I D 
T Jk Z/ S i O g KtJBEEUfettifclCJiritZ. 0 * , * ft M IS £ M * 9 P*1 « t * T B "? 20 
ft?. CC-?tt, Au#^5IIDT<9«»^8ft, 0. 022, 0. 0 2 5 M. Z/ 0 . 

0 8 0 ^UfeJIft. Jt&C8 i 0 8 I®a*HbI»HS/J.t, 0. 00 (3iO z lt 

sj? n it r ) , o. 10, o. 20, o. 3 os&o. 4 5 t^. 

[ 0 0 9 6 ] 

HZ5#<iE>?#$S«fc7IC, 8i0 2 ltflfJf<SZC*tlT. l»i«aft*»K s i w 

# d\ ? < 45 I C V # t> # I . * fe . «atU?C, BiO e «CJ;ZHlfe<S>*fctff*'J 
tZfeillC, I DT<5llti< Ufc»^tl^,7Jf Z. A 2 <9 0 1 Bft^W^tt#£J 
C,l£*<PAI#*SZIDTC#l)7ft*&tt'*J'#t0. 0 8LO 
2K#WSE^4LTl)Sl)*ft?t. lft$?ffi&£#ftK S(XW tt0. M 5 ^/Ji 7 < S I 

. * , AI;tm$i3IDT0**&<bII!IJ?tO. 04H, S t O z ffll t P »K U J* C 30 
I* , * ft « « 6 « ft K s o, w » ? C il\ t < 45 'J , % m ± JA * M 1 ^b # ffl it * 4? I . 
[ 0 0 9 7 ] 

H25^^aH^»45J;?IC, Au # ^ 8 Z I D Ttlf I , 8 t O ? It 
MUfc*i£?tt. ^^7-ft(5flt 1 28. 5° JitTVtZCVCJ;';. 8 i O z Hi O 
*«^bit»HS/A.t0. 45IIUfe»^7^7t, «a««lBft«ftK SCLW tt 
0. 245W±VSZCV#:|oa3. ft IlJPffO. 8 0 8I?)8 i O e Iti 

ScU^^eiCtt, ^-(7-^071 3 2° T * ? Z C * IC 'J , «HiS«fi£«ftK 
s aw 70. 24 5J.H1UZU^7H. 45ft, «gtUK, N7-S<!)8» 

1 1 5 ° ^n/J\7llieCtt, 3=<45 l J, £ ffl ft"? 45 I) . «£ -3 7 . 25 

° -42° IfiYtXfil (0 + 3° , 1 1 5° -1 32° , 0 + 3° ) 40 

) , £ 'J » £ U < tt 2 5 ° - 3 8. 5° EteY^X^ttS (^7-^7(0 + 3° , 1 1 
5° -1 28. 5° , 0 + 3° ) ) ®L i Ta.Os iatlU2CV*ft*?J)?C^# 
t)# I . 
[ 0 0 9 8 ] 

# ^ , 36° H IE Y *S X £ t* , ^0-ft7 (0* , 1 26° , 0° ) <D L I T a. O 3 S 
fiOfl»SIfiWft (TCF) tt-30--40PPffi/t7ft'J, t*?BSU. C<9 
1 % ft SE Jt If *fe T C F t ± 2 0 P Phn/t^eHWfcSZJ^caSCftTZfcdbC, 3 6° 
n Ik Y * X * , * A =7 - ft -? ( 0 " , 1 26° , 0° ) QL i TdOj Au 

<i S Z I D T t m IX U , T>ilC8 i O g Kt«*9ffiS-fPE!ei,fcJ§£®fli£ftaK!ft 

<9 $ ^b t B 1 ?C5t. 45 ft , El 1 9 C ft I) 7 , OBlSftttfa, Xttllitf^t 50 
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. Au$^£3IDTC7>$&ttliJfKH/A. = 0. 0 2 0 3 . 

[00??] 

m 1 ? ft V, m y> ft « «t ? c , s t o z i^isrcj; 'j , HktSiaRWft»a#tft3u>£ 

# t) # 3 . 1* C , 8 i I«5«ftit?HfeIf HS/X#0. 2 5<9l«<5»^, TC 
F ft 0 ^S'J»tlH:^ft»I. 

[01 00] 

* . HisYffixeflBL i Tol0 3 SIH7, * y h ft » 3 6° ( =5 - ft ? (0° 

, 126°, 0" ))^38' (0 - , 128°, 0" ) ) <9Z1|(5 

X 4 y - % Q L i Tgl0 3 tttt t H I) . A U # H S 2 I DTOlf JJ^S t O 2 l<5li 
t ffl * £ it r t± * ft 9 M X £ » a <2> £ it t & fll I? #r b £ . 8«tH2 O^S/IZ 1 c * 10 
t . & ft , 0 2 Ofi&EM <PAu(5iSiB:H/A.?JiZ. B20A&fB2 1#>>E<» 

# « «k ? C . AuS^I I DTOllUlnflCBftHr, S L O 2 ffiOffiStSRTft 

J: ? C , S i0 2 l<?llHS/no. 0 3 - 0. 4 5 , J; 'J »H < ft 0 . 10-0 
. 3 5<9icH^fftt£, lirtlSQ^^-^L t TaO, lffiJi&nrfl,i9ii9A 
u # * S Z I DTtMUfcJiGlCftllTt. mftfcW a ft C ? < ? ft 'S J ? Y ft 
tlftl* 
[01 01] 

r y> C . 1211 7 C J; . Aut^SIIDT^lim, 3t 1 1 H J¥ 7* t A I C Jt 7 + i x 

X^«sti*»**«j*iTi)?cr^tft)»?. 20 

*t o 7 , ±16 01 6-12 1 L i TolOi lfilCllH/X#0. 01 3 

-0. 0 3 0<i)Au#^I I DTtiffilfelft, S l I (5 1 II H S / 1 t 0 . 0 
3 ~ 0 . 45<9ei^tftff, X 3= 5 * S ffl ^ ft \% 11 ft # 15 ft 1 It it 7* 5 < . X ft £ Si 

at*Bc/j\r a, # o , t^2&ft«&t*t3c *#*??= 2. 

[01 02] 

± & U £ II M IC frl) 7 , * y h ft 3 6 ° (^7-^(0" . 1 26° . 0° ) ) <£> 

L i Td0 3 ifilC, H / A. = 0 . 0 20<9&&itJiJf<!>Au#i4£3 I DTtF^l 

, ^-i>IC«*S^ilJ?HS/A. = 0. 1 98 i O z ItiSTLTS^ifl^SttSlMH 

ii i©iiasi-^ifiS!tttttHzzic*ii?mt. * . Jt s © & <w ic . I* 3 «t * i & 

7<HC»U7, 8 1 O z BtPsK* 3 S9*ft9aftlH»S^ttt 18? . 30 
[01 03] 

EZZ#'iE'*#S < fc'yC, 8LO z ffi<9»SS£C < fc i ;«xL««ae*Sflr0. 3 0 # >5 0 
. 2 8ClT/U<5JCt»»t:^f, #At*»iSl7ft7U30i»t)#?. ft -5 

a #/J\ ? < S 3 u * K ^ >5 ft 3 . 
[01 04] 

* 11 f£ BE ^ , ± $ U *Q E IU S , *Ha^O-ft<!)i$lYlSXfellLiTa0 3 
S*±C,*t&ttIBtJP#0. 0 2?fiUu»^S^ I DTtiUl, r*C**$!Jf* 
<9S i O 2 itBsEbn *-HSftililttl^tslfFLi. 8 l O 2 H 

9 * « ^ 1 » tt , 0. 10, 0. 20 - 0. 3 OS C# 0 . 4 5 Hfe. ?IUU7l 40 

15 ft £ & 1 * - K S 51 tt S ffl 51 « ^ <d Q II t H ± b fe . fii » t 0 Z BCSt. 
[01 05] 

-Sic, tti^9Ql#3thii, 7 < H 71 ^SrIIcs 
it7©7*^*»*©ii4tt#Bi4ftm , L?. t t7, I4S7 ^Jtftivrnfc 

tt , Qiu^^uJtfatbii. ® Z 6 ft KWK ft# £J C 8tO z fflt<9Bt»9tofirc 
Ift^t, i»Fi#48" El IS Y tt - *M 7 - ft "? ( 0 ' , 1 38° , 0° ) ft ;E 7 Q 
fffl^U'J, Jyhfi42" -58' (0' , 132° -148°, 

o 0 ) ) 9%m-*ai&-»}t&i&x* *ftt)ft i . 

[01 06] 

ft o 7 , I 2 6 # ^ » 5 cJ; ? C , Jy^42' - 58° O Y « (^tO-fi? ( 50 
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0° , 1 32° -148° . 0° ) ) 9L i To.0 8 Sfitfflll, »L i TdO, Ifil 
\Z . AuJ;nSI<5g,l)tl#^7'>5at 1 t<5 I DTtf^b, H C 8 i 0 

2 It I DTta?«t7CL i T ol 0 3 * tt ± c P IfettUZuKJ; 'J , * ^ £ 
Qlit4i3::*#7^3CV#fr#3.#£U<«, HZ6#i»Wi5#«J;?C, * v t> 
SK4 6. 5" - 5 3* IteYt (^O-S? (0' , 136. 5' -143', 0° 

) ) YttlJ . 
[01 07] 

55 ft , *56 IU ft i) T tt , I D T Q ± h iu ffi * ,5 ffffm 1 7 ft 7 6 J: U . t « ft f , 0 2 7 
( a ) C ;Tv * J; ? C , L i T a. 0 3 S tt 3 2 ± C , I D T 3 3 »f^t tLTS 'J , IDT 
33<9lli:> Sil34i?rF^?tl7llTtJ;l). ^Il34tt, I D T 3 3 V 8 i, 0 10 
z it8 5V<5[acEffirtlTl)?. filiHtt, B i O t 18 B<91 DT8 8C*itI 
ft « & S t fi, <U) 3 £ <^ It: i£ ^ ft "7 I) 3 . COJ;?5Sli8 4 t * Jj» T Z *m V U "Z I* 
, P dL * IS A I , JilllttCtl^^itr^ilCfflll^nZ. £ £ , £ i iu PR <4 r , z 
nO^VQfflttSW^, Tol 2 0 3 U < ttA I 2 0 3 SY5*9C75y9ZtlU7 
*li84t*aU7tJ;l). Sll3 4 9iKCJ; , J, AlJ^tSfiaffSll^Kfli; 
« 3 I DT3 8U i 0 2 ffi 3 5*<9ffi*atfiflfS<y)<7ft. nCJiTTS L 0 2 It 9 It 

t u # ft # 8p ay 7 ft i . 

[01 08] 

§*S3 4Qjf^tt> s*t*Biai^»^©««t#*,ai)*.(U)ctt. ® * i M © M * © 

1 SSifiJUTQSfrUZC^S* Ull. * fe , H 2 7 ( o. ) ? tt . I DT33C)J:I 20 
C ft * S 3 4 # mm 7 ft 7 I) * . 0 2 7 (i) Cit*?C. LiTa.O s S*±CS 
i02l3 5^<i)^ICtSll34AtiSi;i7tJ;ll. ? iJCBM (c) C Si t «fc 
? C , S1134IJ, I D T 3 3 9 ± DO Jg it 7 « < f'J ffl t 6 & ? «fc ? C #SK 7 ft 7 t «fc U 

[01 0 ? ] 

* £ , 8 i O z l<D^i^ItSINI(!C)IlIH7, I D T !>A * <9 A X A - * * SP V 
®Jf«fl3 A y KtSfrftR^SiCfiri)?. aaR®*ttt - "tftYft , I DT^Dfl 
5H#i755ZTJiS£BI*, T^^S«±ICfflS7ftTftU, Al H<BAId4#«« 

uiiii#^n<5tfflii7tj;ii. teftt, #j * t# 0 1 BcsufefitiiH 

a. . 8 4 t tl^tHSSU 7, I DT8 3ol. 3 3 t ^ b* ^5 I T*t 1 30 

IV, i*TJ!S£HS±C, A I It«ll7t ill. C <D J; ? C , A I ^A I ^4#^ 
3±S^Hltl5it3CVIUd; , J- 8iO z II*<?>ffi*3&K#Bi4ftiJftZ. £ £ , 1 ffi □ 
Xhtfilt JCH?f , 7 •» C A I 7iv-7J > K t ift di) 3 C >; t ~? ^ 3 . 
[0110] 

5ft, ± IE I D T W. ?h 9 * ffi V U 7 , S *} B , A 7. A - , JFS ^ (PlfifiSHlffl A y h" 

g it ? s < , aggciSDTP^^ft^si^Humffisv^^irijftz. * . ± le a I £ 

IHTtt, KCR5£?tlttl)tf. A I - T i fti, A I - N i - C l"64Sytf?if i, 
ft 3 . 

[01 1 1 ] 

5ft, ±&UfcHW0J<9»ftW*0*>f7-fi0HKYax£»L l T a. O s SStfflU 40 
£ i§ £ C ft I ) 7 t , Au#^3 I DTt»JSUfe«ftc3itH7, 3SS5£»at*/J\Vt 

3 8 l 0 2 ItQllfftfffttr^CVff^ilfgBfl^^C^'Jfll^W^ftTllI. tSfi^, 

s i o 2 i* © it » h s / xtn^QmmY t ft w , ± le £ m <?> ii £ * * c , 

at/J\t<t?C^?n. - 15 . 8iO 2 liC!)SiJfHS/A.t0. 1-0. 45H 
feUi!)*^-^^ fl<5B*tBZ8~8 6CSt. Utl^<91ff ^8 t O? l<5il 
#S<5IC«U, a # ffi /J\ V 5 3 * /f 7 - ft © 0 ■» i\\ 7 < 5 3 C V t Bfl 14 # V 5 o £ . 

o 7 , l®*-f 7-ftQH(fYSXfillL iTa-Oj IStfflllfeH^^Ji-jTt. A 
u 7i ^ 5! 3 I D T t M tiC U , S i 0 2 KtaiOfcfcJfcCfirUT, S 1 0 2 l<5l^tl 
RtZCVCi'J , ftXO»tt*IiatIttCik^T, H5fi»»S*tltTCF#**JJlTV 
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y> %j i DToittiiiv, s io z ai9ffij?©ft*ui)iia^^t)-i+tt. iu<!)ii 6/1 

[01 1 2 ] 

[lie] 



417 ?«j 
CD A 


An ffl=f (a 
A. U flSfc^p- 


O 1 (J 2 


1 L\). U =^ P \1 Zo. U 


U. Ul o — U. 1)1 o 


r\ t r a a c 

0. 1 5 — 0. 45 


IZo.U ^ (7 \ 1 Z4. 0 


U. Ul o — U. VLl 


A 1 A A i n 

0. 1 0—0. 40 


124. 5° ^ (9 <125. 5° 


0 013 — 0 025 


fl f)7~0 4(1 


125.5° ^#<127.5° 


0.013-0.025 


0. 06-0. 40 


127.5° ^ 0<129.O° 


0. 013-0. 028 


0. 04-0. 40 


129.0° ^A<130.0° 


0.017-0.030 


0.03-0.42 


130.0° ^0<131.5° 


0.017-0.030 


0. 03-0. 42 


131.5° ^ (9 <133. 0° 


0.018-0.028 


0.05-0.33 


133.0° ^0<135.O° 


0.018-0.030 


0. 05-0. 30 


135.0° ^ 6 ^137.0° 


0.019-0.032 


0.05-0. 25 


137.0° ^ t9 ^140.0° 


0.019-0.032 


0.05-0.25 



[01 1 3 ] 
[Si 7] 



(0±3° , 6 , 0 + 3° ) 
CD e 


Auli 


s i o 2 mm 


129.0° ^<9<130.0° j 


0.022-0.028 


0. 04-0. 40 


130. 0° ^ 0 <131. 5° 


0.022-0.028 


0.04-0.40 


131. 5 c ^ 9<133.0° 


0.022-0.028 


0.05-0.33 


133.0° ^£<135.0° 


0. 022-0. 030 


0. 05-0. 30 


135.0° ^0<137.O° 


0.022-0.032 


0.05-0.25 j 


137. 0° < 9 ^ 1 40. 0° 


0.022-0.032 


0. 05-0. 25 



30 



[01 14] 
[0115] 

*3gEC«Z3E*fflfcH!<9KftCl*U7B;, BSYSXfilL i T cx 0 3 ISlCA 
utlf*UItI#i;«I I DTH^lfeU, + © » ® C ft I ) 7 H IS tl !l ft S 

I). C ft t . 02 8lE*HMt#KU73l«tZ. El 2 3 t£ . 3 6° El (6 Y * X £ * ( 
(0' , 1 26° . 0° )) LiTo.Og*a±C, ffl^<Z>HJI<9Au;t)^ 

T . * , El 2 4 , RD^'f 7-ft<5L i Ta.0 3 M * <D mm <D A u "J 

51 I DTtMU*.J#£, i: <9 ± C ff^SE 7 ft 2 S i 0 2 «?)**^«JSt*^^1tfe* 50 
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AuOHJft* tt?-ttfeJ#a0fi#. 8 i 0 2 {g^ffiJft^^^i+fe^^J; 1 ; titll 

% ^ s 3S q * ^ # is 3 # c x ? i ) . « o t . s i o 2 k ff^' c % n f . H & » £ £ # , 

ft 3 C V # S * U < , /t W . l/-^-Ivf >7^>U>Iyf >75Vi:J; l JA 
U*m«?IDTt»BeUfe*CHttRSBBt<f7CVffa*UU. C » * U < I* > A 
u<Z)M^!Jf#", 0. 0 15-0. 0 3<!>ei?»)tlff, StOaBtlCtlSft^^^b 

# /J\ t < S . 8 iOgffi^l^o^lCJjZHMta^i&tyJv^tZCfctff-frrZ. 
[01 1 6 ] 

!R^ffltc^itiBtiiastffSfi9±iiicaKiitP)5)?u*:e©»i5&fiirftfee©?Ji 10 

[0117] 

* , » 3t 9 f» , ^7-N^*tto" »^ + 3" b;^{», iff e is 0 0 t * 
c * ft « # a * © n % m : 

* s % m <o $ *t * n $ n 1 is , 15 j* u £ m 1 5 ic m l £ $ ^ * m & n 1 2 1 * ibi « ? *> z 

. t-jVt. *Siffl?tt. I D T 2 3 ol . 2 8 ttfAJCt'JilSttLTll?. 
[01181 

if M t 2 ? IC , I D T 2 3 a, . 2 3 i»AH^5Z»^Ctt. I DT 3 3d, 2 3 t 
0Stt*IfflM0»E?«*&tt?ftfcliJPH/A.ISO. 01-0. 0 8»»$ b ll. 20 
[01 1 9 ] 

*fSBE<9«2®tt*ffli££ffi-?tt - ± IE © S ? C . LcT0L0 s S«2 2±CA?-Cd; l J 
IDT230L. 2 3 i *Mf $c ^ ft T ft 'J , Stl DTZ Sol, 2 H <5itti)?t8< 
CV#?n. i Tol0 3 *tttEl)3fc<U)»*5£ftt*'tlC/J\?<tZ 

teuzitttm&wi . * fe . s i o 2 12 s^r^cj; 1 ; , A » s « » s 

ai»t#jmrtil. c ft t , AftffittUKfflcS-y^BiWtZ. 
[01 20] 

L t T (X 0 g S « t £ ft 3 S tt * H % IC IS . U 4 V —)$.<0 % IC liSS'tSl ( L 8 A W 

aastt^nifitt, u >r u - » ic it ^ t s 3t # ¥ < . w9imMi&'&ntf%? 

{.)■», lHf-tSfincR«0T->fi»t3. «t -> T . 1 a 3 * m % IX ^ % □ X 30 
[01 21] 

13 6tt, 3 6" ItETftXfelL i Td0 3 IS (^O-^-f (0' , 126°, 0 
° ) ) ± C . A 9" # ^ £ 3 IDTtP5EUfc»ft0A*8*<?>«*&ttl!JSH/;L*. « S « 
««fc«»K S0LW 'fc<9l«tmt. S ft » X IS . Bft*llI&fSf<9 + ^H»&C3i(itI 

[01 22] 

Ba8 6#«»«>»#«J:7C.Al'll<!)llJ»H/A.#0. 0 1- 0. 0 8 C II 7 , 

SftltK s (x w # • A3- ■ # »SK* ft T I) ft II ifft ( H / X = 0 ) ICtt^T 1 
. 6fttIUlU)!>t)H. * £ > A3-K<9KJP#H/A. = 0. 02-0. 0 6 9i 40 
H ~? IS , A9-ffi*Pfle^ft7l)ttl)»dCJt^T. lSi«IJ^«SlK s a. w IS 1 . 7ft 
VAlvmY # <) < A?l<i)IIH/Xff0. 0 3- 0. 0 5 <9 K H ~? (S , A 9" H F*J£ ? 

ti7iianJi6i9 i . 8fitl5)lK7 

[01 23] 

A3-»9*«^il»H/A.tff0. 0 8tfi^n, A2-flItt^£ZIDT9fFi^ffiil* 

ZfcdJ),Af-Ii#<;5iZIDT<?>JPJ/-tt. 0. 0 1- 0. 0 B<5ei?J)?:^tfMtb 

< , «fc » * U < IS 0 . 02-0. 06, ^IC&£U<IS0. 03-0. 0 5 <9 ic H * 
? ft 3 „ 

[0124] 50 
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)X c , l t tolo 8 tfiic, s i o 2 itstii £ j# ft <z> ji & M js # 1* t cf <z> int 

tH8 7CSt. H8 7tt. 7-S (0' , 113°, 0°), (0°, 126°, 
0 ° ) Ik Z/ ( 0 * , 1 2 9° . 0 ° ) f)3Il(9L t TolOj ttlCS i 0 2 i»f^ 
*llTl)Z*a®8iO e K0**ttKJfHS/X>£TCF*<?>H*tm*. « ft , 

[01 25] 

E8 7#<*E<i#«J:'yc. 5*1 1 3° . 1 26° ft OM 29° Oll^JlOJiftCfirl) 
7t, 8 i Oj i<?a»fti»HS/^»0. 15-0. 4B<5eiCfll]7. TCF# 
-20-+20PPm/'C<5icl^5IC^ff-io»I. fe o V fc . 3 iO ; lc)«lCtt 
of PbI t ^ T Z £ di) , 8iO z ffiQil)fHS/Xtt0. 15-0. 4 0 # M S U 1 1 . 10 
[01 26] 

L l Tol0 3 S ffi ± C 8 i 0 2 ItSUItZC^C^'J - V 4 'J-SESV^TCFtffK* 
?ft3U*tt;ffli41lTl)£#", L iTolOs Stt±C, AH^J MtMU « ? >> 
C8 i 0 2 1 1 91 U 3r I) T > AH^SZ *fi <Z> IS Jf . SiO^l 

If, t 4 7 - ft , J5&«iiStta[(5»fi£St««L75HI(?fl.fe«fiBSll. 
[01 27] 

1HB;, >f =7 - ft (0° . 1 20° . 0° ) <5 L i TaO 3 SS± Clftitlf H / 
A. # 0 . 10WT<5A3-#^5Hffi^, SftltIfHS/X^0~0. 5 9 S I 0 2 Hi 
t F* $ U £ 1§ ft IC ft 3 M R £ & a 0 $ t m t . H3 8»i5Wi5ilSJ:"?C. S i 0 2 
I<5ISHS/A.#0. 2-0. 40-Af-SiQBiJfH/A.^O. 0 1- 0. 1 0 ? & Z 20 
M ft C M X 36 ft a # /J\ 7 < S -> T I ) J C * fc> # Z . 
[01 28] 

IJ, H8 f K, (0°. 140°. 0° ) 9^ O-ftQL t To,0 3 SfilCIJ, « 

*Stt«jJH/;t#o~o. 1 0 5)A^itr^b, nc, **^iiJfHs/x#o~o 

. 598 i 0 2 BtW«Ufc»G3>**5£RQ!<?>*tttJTv*. 
[01 29] 

E3 9#i7BBi4#2<fc?IC, ^7-3?fl = 140' 9L i TolO s SfitfflUfel^ 
C tt , Afr§t<9ffiJ?#0. 0 6J^TIC3Tfl)T8iO z K<9K)ft±BE<?)J;'?IU$^r-tt*. 

[0130] 30 

L i Ta0 3 IfiQjy hSt5fi^^7-i^ S I 0 z fflt 9 fflt If ^ , A 2" # ^ £ Z 
[01 31] 

H4O~047tt, i fctL i ?tL, 8 iO z ft KJPHS/A,#, 0. 1 . 0. 15, 

0. 2 , 0. 25, 0. 3, 0. 35 - 0. 4 £ £ 0 . 45?*) l K**^bBtJfH/A, 
tff 0 . 1 J-U9A?-ItL i Ta,0 3 S«±CPJj?Ofc»ft<?>0 * 3( R 5£ » a Hl*t 
zf\ ^" . 

[01 32] 

04O~B47#^E^#5Sj;7iu < Ai'll0JP#H/;itO. 0 1- 0. 0 8H^S 40 
ft , 8 i 0 2 IffJfJf 2f-f 7-^(56 V*, T IE <Z> S 1 BCSttl)fft#©ffi^ftj5 

* 3= < , JtAoMMSataSffiCiJPiWUttZCfctffrflZ. M £ U < , T IE <9 * 1 8 
^ifflOi'lftHllJfO-fltllRn^CJ:'! - «t 'J - SIfiSi ft t# I C V 

[01 33] 
[Si 8] 
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A g MJ¥H/ A : 0 . 0 1-0. 08<Dt% 



c ; n mm 


T i TaO»(7)7f'-l'7-fi 


J: 0 £F£ L I ^t-Y 7— ft 


0 1 5~0 1 8 


0+3, 117 — 13 7, 0 + 3 


0± 3, 1 2 0-1 3 5, 0 + 3 


0. 18-0. 2 3 


0±3, 11 7-136, 0 + 3 


0±3, 11 8-1 33, 0±3 


0. 23-0. 28 


0+3, 11 5-13 5, 0 + 3 


0±3, 11 7-1 33, 0 + 3 


0. 28-0. 33 


0 + 3, 11 3-1 3 3, 0 + 3 


0 + 3, 11 5-1 32, 0 + 3 


0. 33-0. 38 


0±3, 113-13 5, 0±3 


0±3, 11 5-1 3 3, 0 + 3 


0. 38-0. 40 


0 + 3, 11 3-1 3 2, 0 + 3 


0+3, 11 5-130, 0±3 



10 

[01 34] 

*^,J; l J»*U<tt,A§'§|c7)^^^llf#"0. 0 2- 0. 0 BQSftCtt, 8 i 0 2 
mvmfrY s T IE 9*1 ?CSrnf4i&(9llfr6fittV5U7 

CiSnillt, J; - I » * U < . ?>ilcH*U<tt. T IE © S 1 ?<5tlOJ; l JS* 

[01 35] 
[* 1 9 ] 

AgliH/A : 0. 02-0. 0€><Dtt 



S iOJ$¥ 






0. 1 5-0. 1 8 


0+ 3, 1 2 0-1 3 3, 0 + 3 


0+ 3, 1 2 2-1 30, 0±3 


0. 1 8-0. 2 3 


0 + 3, 1 2 0-1 3 7, 0±3 


0± 3, 1 2 2-1 3 6, 0±3 


0. 23-0. 28 


0± 3, 1 2 0-1 3 5, 0 + 3 


0+ 3, 1 2 2-1 3 3, 0 + 3 


0. 28-0. 33 


0±3, 11 8-1 3 5, 0 + 3 


0+3, 1 2 0-1 3 3, 0±3 


0. 33-0. 38 


0+3, 11 5-133, 0 + 3 


0±3, 11 7-1 30, 0±3 


0. 38-0. 40 


0+3, 11 3-1 3 0, 0 + 3 


0±3, 11 5-128, 0 + 3 



20 



[01 36] 

?v,\Zft$lj<tZ.Afm<D%lfoi\:m%tFO. 03-0. C. S 1 0 z rnvrn 

* ft ft I* , £ l )-M&t&&ft&.t&2Z)i#-*?J. :5)»ftCfiH7t, T IE <Z> S 2 0 
<9 * fj C ;Tv T J: M » * U U * 4 7 - ft t S R * 7 Z t C J: 'J . 3t t <fe ') - S K * T Z C 

* # "? 3= 3 . 
[01 37] 
[* 2 0 ] 



AgIHH/A : 0. 0 3-0. 0 5 (D t £ 



S i0 2 M» 






0. 1 5-0. 1 8 


0+ 3, 1 2 2-1 42, 0+3 


0 + 3, 1 23-1 40, 0+3 


0. 1 8-0. 2 3 


0± 3, 1 2 0-1 4 0, 0+3 


0 + 3, 1 22-1 3 7, 0±3 


0. 2 3-0. 2 8 


0+3, 11 7-1 3 8, 0+3 


0 + 3, 1 20-1 3 5, 0+3 


0. 28-0. 33 


0+3, 11 6-1 36, 0+3 


0 + 3, 1 1 8-134, 0+3 


0. 33-0. 38 


0±3, 1 14-1 35, 0±3 


0±3, 11 7-1 3 3, 0+3 


0. 38-0. 40 


0+3, 113-13 0, 0+3 


0+3, 11 5-1 2 8, 0+3 



40 



[01 381 

, [ DT<9^ft<58 OIi%ft_h*AnftftffJ;l]. fl£ -> T . AHT*CA I 

T iSl#IS?tL7H7U < , :iJ*ftCfiU7t, T$9S]I*A9"*<9£l+<9? 50 
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t8 Oli%J-UlCAJ -?M 7 ft 7 L) ft I* I) . 
[01 3 ? ] 

± IE H « "J tt , ^O-S (0° , 0, 0° ) i TclOj It^fflHUfeff, S $ 
SB^^iclW, tSfit (0 + 3' , 1 1 3° ~1 42' , 0 + 3° ) <9L i Ta 
[0140] 

[0141] 

[Cutiffiasn7ffliitaft5)sis^) 

[0142] 

05 8 1*. S i 0 2 ^IIBffO. 2 0«!)l§c)CulSU I * ffi Q * ffi II - * 

B5 8Cit<t?C, f fill U7LI I A I »^ S ZlficA^T, C U # ^5 Ilfi 

ftt'fi* , *"*cv#-?$ : z. «£ -> 1 . s » si <?> ;j\ , & 1 1 t i+ si ft * m $ n 1 0 >j\ nt 

[0143] 

tt J$ <fc "? C , I D T 2 3 ol . Z 8 ifl>itt!tlil®a*f**ft?ftfel)l H/Xtt 
0 . 0 1-0. 0 8ff»HH. 

I48tt, # 4 =5 - ft (0° . 1 20° . 0° ) <?>LiTcL0 s S«±C«t&ttffiJ5H/ 
A. * 0 . 1 0WT<5Cu»HSHiV, «#<ti)l HS/X»0~0. 598 i 0 2 1 
t Jft U £ « ft IC ft 3 M R £ & a 9 £ t * t . H48#i5ifli5#SJ:7C, S i 0 2 

is h ji h s / x # 0 . 2-0. 4o,cuBic5.BiJfH/x#'o. 01-0. 1 0 ? * ? 
*ac*ltE&aaM\?<So7i)Zcr*tf*>»z. 30 

[0144] 

IfiJ, 14 Vtt, (0°. 135°, 0' )9*-f7-«<5Li TxOj SS1CB, # 
ISttltJfH/A.ffO'-O. 1 0 <9CuItl^l , 7 >5 C , «*&^bffltlfHS/A,*0~0 
. 5(93 1 0 2 ItiibfeI^9Ms£ta(i)f IktSt. 
[0145] 

H4 ? #S h "?C. 5 = 13 5° 9L i T0.O3 SStfflUfeUdCR, Cul 

® B Jf A z* 8 i 0 2 ffiQffirftlsE^J^cfc'trttfcfcl^fc, JSKSRattX^uc 
v # t) # J . 

[0146] 

t « t> V , X 3= 5 « S 4% « fli ft JS. C# /Jv 7 5 M % ± W t K M t 1 C IS , 40 

L i TolOj tfi<Pi» HittttJt*^ S 1 0 2 K <Z> H Jf V , CuU^I 

[0147] 

E5 0~E5 7l*.-tll A f*L. 8 i 0 ? I®ffiftitllH S / 1 0. 1 . 0. 15, 

0. 2, 0. 25, 0. 3, 0. 35, 0. 4 £ £ 0 . 457if) l ;,«fe^Bl r fH/X 
■» 0 . 0 8J-!IT©CuiItL i Tol0 3 Sf lCifl!l feadO fl VMStUd 
"£ Zf\ 7 . 
[0148] 

E5 0~E5 7#<iflm#ti , :.fc'yc. C u I<9I H / A. t 0 . 0 1- 0. 0 BH^S 

ft, s l 0 2 B 9 Jf v . <^-f7-fto)0>:» , , Tle<D*2 1 c m t <fc ? c K 7 ft ft i* 50 
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, Silli(;SS^ttTCFtf± 2 0 P P m/'C^ffilW^tlTlfi-fft'J , « SAB « « £ 

& » x r < , #Tas^^ataattiic4Jps | Ju#zc?v#"t3^z.ig*u<tt, tie© 

[014?] 
[*M3 



S i0 2 JD? 


L i TaO.,©^^- fi 




0. 15-0. 18 


(0 + 3, 1 1 7-137, 0 + 3) 


(0 + 3, 1 2 0-1 3 5, 0± 3) 


0. 18-0. 23 


(0+3, 1 1 7-1 36, 0±3) 


(0± 3, 118-13 3, 0± 3) 


0. 23-0. 28 


(0 + 3, 1 1 5-135, 0+3) 


(0± 3, 117-13 3, 0+3) 


0. 28-0. 33 


(0±3, 1 1 3-133, 0±3) 


(0 + 3, 1 1 5-1 32, 0+3) 


0. 33-0. 38 


(0 + 3, 1 1 3-135, 0+3) 


(0± 3, 115-13 3, 0± 3) 


0. 38-0. 4 


(0 + 3, 1 1 3-132, 0+3) 


(0+3, 1 1 5-1 30, 0+3) 



[01 50] 

£ % , AuC-5ll7<PHZB#i»*l!lttL2J:7C, t A =j - fk <D 9 » 1 25° JH T C S 

< r , t le S 2 2iu/3ts i o 2 8|o)«tSjtliJfHs/i>;^47-ft>;9ffl^^ft-Lt 

[01 51] 
[* 2 2 ] 



S i0 2 J^ 


L i Ta0 3 W^f =?— M 


0. 1 5-0. 1 8 


(0 + 3, 1 1 7-1 2 5, 0 + 3) 


0. 18-0. 23 


(0 + 3, 1 1 7-1 2 5, 0±3) 


0. 2 3-0. 2 8 


(0 + 3, 1 1 5-1 2 5, 0 + 3) 


0. 2 8-0. 3 3 


(0 + 3, 1 1 3-1 2 5, 0 + 3) 


0. 33-0. 38 


(0 + 3, 1 1 3-1 25, 0+3) i 


0. 38-0. 40 


(0 + 3, 1 1 3-1 2 5, 0±3) 



[01 52] 

, t « t) f 0 m i n t , 8 iO z ffi9**&^aJfHS/A.&cVCufflt«5*«^BtSH/A. 
[01 53] 

CuBO^t&ttffltWH/ltf, 0, 0. 02, 0. 04, 0. 0 6 £ 0 . 0 851^(5 
(a.) 0 < H / X ^ 0 . 0 -\ 5 

9 m i n = - 1 3 9 . 7 13XHS 3 +43. 07 1 3ZXHS ? 
-20. 56801 1XHS+1 25. 8314 3 A 
( d ) 0. 0 1 < H / 1 ^ 0 . 0 39^ 

9 m i n = - 1 3 9 . 660XHS 3 +46. 02985XHS 2 

- 21. 141 5 0 0 XLS+1 H. 4181 3 B ( c ) 0 . 03<H/X^0. 0 
0 m i n = - 1 8 ? . 607XHS 3 +48. 98838XHS 2 

- 2 1. 714900XHS+129. 0048 S C ( d ) 0 . 05<H/X^0. 0 
7 <D Y 3= 

0 m i n = ~ 1 1 2 ■ 068XHS 3 +39. 60355XHS 2 

- 2 1. 186000XHS+129. 9397 3 D (e) 0. 07<H/X^0. 0 
9 Q Y 3= 
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9 m t n = - 1 I 6 . ?54XHS 3 +67. 40488XHS 2 
- 2 ? . 48Z000XHS+181. 5686 3$ E 

KoT, » £ U < , >f 7 - ft (0 + 3° , 9 , 0 + 3' ) (5fllJ, lgb^SA~S 
E 7* jfv T ft 2 0 m i n ^TftZCVflfS^UUflf, 0 m t n - 2° < 0 = 0 m t n + 2° 

? *) ft I* , MSSi!tl8lSffii:;U<fZ:^?H. 
[01 54] 

« ft . *ffl?ttIDTttCuff)fr#H*5li?tL7tJ;ll», Cutitt^tZIS'J. C 
U £ £ * C U V tih Q> & 1 * 9 ft 1 # ?»SK 7 ft 7 £ «fc I) . CuU#HZ I DT«, 

P (Cu) XO. (ffi) (Cu) X1 . 3 10 

6. 25J/om s ^ (ffi)^l 1. 6 9- / c m 3 

IIVSUjC, A I i'J t*K5*f UW. Tol> All, Pt, AntftC)"5y 

^iHs^istiibTUu. trades, cuifiii9S^^i(5)f))i 

# * •» ft i . 

[01 55] 

^^^-ft^e^mM^ftstm-z" ~ + 4" rtizu^^^z. u r ft a * 

[01 56] 

S«|Bll>i»*t»»«»tLfe. 

li7iufeS^ffl>;[B]iMic, a 1 5 c u » tt * n » it i t »sk u . ffl u . 1 d t A z* 

SttHt^FZxS'CJ^WsKUfe. IDT<9**&ttfliJ*H/XI*0. 0 0 2 5 - 0. 
0 6 <9 3eH U , 
[01 57] 

* . LiTa0 3 t«HTtt, 22° -48° El Y « X « , ^O-l? (0" 

, I 1 3" ~1 3 8' . 0" ) 9L i TolOs IStfflllfe. 30 
**fcffl-?tt±!Efl>J;"yc, 2 2° -4 8° IfeYtXfelL i Ta0 3 #^1511 
«3H, H / A. = 0 . 0025-0. 0 6 ?Ji H > 77 t> J; 'J 5 ZI D T 3 a, 3 

HS/1=0. 10-0. 40(?eiC»i3 8iO| ! fflt4^tfflH7HJfedD. 
*RII*STCF*/Ja<, ISf«aft*SK Sotw #XH. # o * » * ft i\\ t 

n3tt*iiiiitawtzu«?n. u ft t , t 0 a # as « £ c s 31 $ 
* 1 . 

[01 58] 

B60J5&B6 1 Ht. ^O-fl (0' , 120°, 0 * ) * , (0°, 140°, 0° 

) <5*l i tolo 8 ifiiic, m * <d mm <d i y 7 7. t y ft v> # j i d t y . a ^ 0 n if 

<58 i O z Ufe»d®3f€*3£Rt^tH?*)Z. 40 
[01 5 ? ] 

E6 0#»7Ei;#s < fc-yc, 0 = 1 30' ?tt, 8 i 0 Z <PIS H S / A. 0 . 1-0. 

40#-)*>7 Z x > £ tf 3 «ffi <?> *tfr II J* H / A. 0 . 0-0. 1 0 <£> ic H C ft I) 

t , ants»#/j\7i)c^#t)#?. ffi £ . aeiamiijasj;?-!?. 0=140° ? 

IS , 7>7Zx>#>?5iZ«Jl0*l&fl;KJ*H/;i#O. 0-0. 1 0 St 
[01 60] 

tStt, TCFt+20PPm/°C*/J\7<U, *3=tiS«IH«H«£«&t4t, ^1 

St&t/J\?(tli:tt, L i Tcl0 3 S&G>tf<f=-ft, S L 0 2 II © If 7 
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[01 61] 

me 2 ~ e e 5 1* . s i o 2 mo) mm it mm h s / x Jiu 9 y 7 x t y ft v> a i mmm® 

[01 62] 

16 Z~E6 5#«i««i#SJ:7C. J >7Xt>» "5 S 2 lS?)«»1bB)IH/X» 0 
. 012-0. 0 5 3 /3. C# 0 . 015-0. 0 4 2 C 3» U "7 , SLOj-ffll^BI/f*,*}! 
58 VOiStt, TsE<5* Z 3il&« MCStinaZ. aft. C <9 1 )t 0 , * > 
^"ZT>Wffi^*S^tiQ)fS'i4T9 : ^$SS^S^<9tt , '4o^Cd; l ;-2 0 -+4° ill! 
«J-3<CV#ft?. 4S 33r , 0 + , EmUTl)ttl)liJSttJtflliE*CJ;?. 

[0163] 10 
[* 2 3 ] 



nm<D H/A -0. 01 2-0. 053 COtf 





L iTa0 3 CO^f 7-^ 




0. 1-0. 15 


(0±3, 114. 2-138,0 + 3) 


(0±3. 117. 7-134,0 + 3) 


0. 15-0.2 


(0±3, 113-137. 8, 0 + 3) 


(0±3, 117-133. 5, 0±3) 


0. 2-0. 3 


(0±3, 113-137. 5, 0 + 3) 


(0±3, 116. 5-133,0 + 3) 


0. 3-0. 35 


(0 + 3, 112. 7-137,0 + 3) 


(0 + 3, 116. 5-133,0 + 3) 


0.35-0.4 


(0±3, 112. 5-136,0 + 3) 


(0 + 3, 116. 5-132. 3,0 + 3) 



[01 64] 
[124] 



H^CDII/A =0.01 5-0.042 © > £ 



Si0 2 ro^+&YbMJ¥ 


t.iTa0 3 (D^7-^ 


<kOSf £ L < (i 


0. 1-0. 15 


(0 + 3,114. 3-138,0 + 3) 


(0 + 3,117.7-133.5,0 + 3) 


0. 15-0. 2 


(0±3, 113-137.5,0 + 3) 


(0 + 3,117.7-133.5,0 + 3) 


0.2-0. 3 


(0 + 3, 112. 5-137, 0 + 3) 


(0 + 3, 117-132. 5, 0 + 3) 


0.3-0. 35 


(0 + 3, 112.2-136.5,0 + 3) 


(0±3. 116. 8-132. 5, 0±3) 


0.35-0.4 


(0 + 3, 112-135.3,0 + 3) 


(0 + 3, 116 — 131. 5, 0 + 3) 



30 

[01 65] 

A. # , 0. 0 12-0. 0 5 3<9»a,H»R»fi*lttTCFt±Z0PPm/t:<5eH 
W)!5U?i:S(ltIfeiJ)C, 3 i 0 2 I(5liHS/nO. 1-0. 4 © ic H V U 
* G , L t Ta.0 3 ^^^-SCfi^ZeR, 1 1 2° -1 3 8° tSfit 
. Eteft-?20° - 50° flel, i'JftH <tt, S 2 3 CSt * -f 7-H tIRtil 

[01 66] 

C . *24#«iW«i#SJ:7C. ?>7 7 + >l#^£3*S©m^b]Ilf#'0. 0 
15-0. 0 4 2?J)'J , IMSSffttTCFt + 2 0PPffi/t(5icin)!5U? 40 
CiSltUiDC, SiO 2 ffiC7)iI"fHS/Xt0. 1-0. 4<5ilHif^i:tt, 
LiToiOs SS^^O-Sai 1 2° -1 38° <Z)icH>;tftf+<4;<, J;'Jfttb < 
ttS l 0 2 Ii5B»i:ieD7*Z4i9?f 7-fttSRtllKJ;UC^Dfft#7. 
[01 67] 

*2 3£&f*24CJjntZ rL i TaO 3 9^ 'f 9 ic H , S( ft £ & # 

0. 0 BlHT©ilt*tUfet®?J)I. * . S23ii&t24CfiitU iTaO 
3 <9 ^ 7 - ft <Z> U'iftHHJ C H fc , MStS» 0. 0 2 5 J-ATIC«^U^fe<5-? 

hi . 9 y 7 z t y ft K # j mmm q & & it m m » o . 01 2, 0. 015, 0. 

042, 0. O5 3?toZ»G08iO z ffi0fliSHS/;i*rf47-ft®lil«tt,EB 

2~i6 5cmt 9 y 7 z t y 1* ^ z j mmm 9 ® & it m m 1* m u ~z k ih *l t (d 50 
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[01 68] 

*fg«c«?s*t*nna[iii©«Jtici»UTtt. oteY^xML i tolo 3 s * ± c * 

>777>tifK*U?4I#i»S3 I DTtffiKlfei, i: <Z> » « IC 1 1 7 1 51 IX fH 

U II. C ft t . 16 6S&'16 n#Sb7^Blt^. El 6 6 , 4" =7 - B (0° 
, 126°, O')9mlEY«XfclfcLLTCLO s S«±C.5S*0JS*H/A.0*>7 
Z7>H53 I DTii^I^5)IiHS/Xff)S t 0 2 1 t U ^ <5 lilSfi* 
mi&QS&Oltibt & T . £ fe , El 6 7 , HMO-MLiTo.OjtSlC. « 10 

6 6 «6 7tJt«rtlff««>»SJ:7C. 9 V 7 ^ t V 9 Q \t 7V: 11^^ <D 15 1$ 
, S i 0 2 iolStflUit^adJ;'] t $ S ffl © S 3t <Z> £ ri" tt 3 ri C * ?= I) . 
* -5 7 , 8 i Oil^WKClEJtV, H ft H fi * , frfitlZC^Mtb < , fflXff, 
l/-f-Iyf>7^^>Iyf>7Syi:J; l J?>777> (W) # v> S ? I D T t 

wsk u « c s a s is » t t c v » s * u i) . 

[01 6 ? ] 

S ft . *fg0fltt> ± IB Q <fc ? IC , 2 2° -48° El 16 Y * X £ flft > ^O-i? (0° , 

1 1 2° ~ 1 38° , 0° ) 9L i Tcl0 3 S^UIM, H / A, = 0 . 0025- 20 
0. 0 6?Jin>57f >J; I J5I I DT^, HS/1=0. 10-0. 40f JiH 

t 0 2 i^tttlc);tl!a>;tl tffJ^^'J , «t^7, I DT®RA&**iC-)ll 

, ± IE * # t « * HA U , *«S»tt*fflttttS**»*fc*ffltt7*^*»C»ffl*Z:? 

V * ? z . 

[01 70] 

«*«Bic»iti^*fisa*s*©^iiic4iiiitpjiKufet9#^it*rft*.e<p-?ih 
? to . iii»©sii!t*iiDa[»i?tt±iE®eH?»ii»f«4t?cvtfti. 

(j is nu!Rtt#*mftfe. 

[01 71] 

[ 1 fi *f 3ft * U7Ta.tfflUfe»6i9S*ffl] 

0 1 5 IC * U £ 9 * ffl % R S t M U . ffl U . 1 4 ° -58° 0 ft Y « X £ * . <f 

7 - ft 7 (0° , 1 04° -1 48° , 0° ) 9LiTctO, »^8?SfitfflttSS 

2 ZHTllI, #t I DTtt7>7ll- (To.) CJ; 'JiS^L , ^O&ftttBtJSH/A.tt 
0. 004-0. 0 5 5 <5ilHfc. 

[01 72] 

*HJISfi!|-?tt±i5®«fe?C. 14° - 5 8° B(6YfiXfi», <f 7 - ft 7 ( 0 ° , 1 0 
4° -148° , 0° ) Q)L i Tx0 3 »^a^ffllS2 ^ H / A. = 0 . 004-0 40 
. 0 5 S-JJiI^^JU'ii!] I DT3oi. 3 t HS/1 = 0. 10-0. 4 0 <5 
eHICfcZ8iO z «4VtBl)7l)ZfcU>. SiaiI«STCF#/U < , 

IB 6 « » K s a w * * * < , »T£M**/J\?Uift$IiSSItf«tICV»?^ 

[01 73] 

B6 ?tt, ^^-S (0" , 120°, 0 0 ) V . (0°, 140°, 0° 

) <9 & L iTclOj S ± C , S^ffiJf^^^^SZ I DT);, i^il^S 

[01 74] 

B68#i»l^8J;7i: 1 0 = 1 20° 7* tt . SiO 2 <?)BIJfHS/X»"0. 1-0. 50 
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40#o*>*;i>«fc';5iZ«tI<?>*t&ttlKJ*H/X#0. 0-0. 1 OiJllCSin, 

u-c Yttbfti . M ~h . mQ^n^m^n^^oiZs 0 = 140° ? 1* , 

*>*^aHJ«Z«tt<P*fttt«JPH/;iffO. 0-0. 0 69icH-?&, S i 0 2 @I ^ 
[01 75] 

* « ft f , t c f Q ne « m t /j\ * < u . *$=s*sn«tt«fc*at4t, #o«stst/i\ 

[01 76] 

It If H / 1 t £ r tt J* ft cd , (9 ^MStS^lStSt. 
E7 0~E7 3#i*fl(m#«<fc"yic. ?>?;i,»^snffi<3)l^^lgH/i^o. o 

1-0. 0 6 5 590. 0 16-0. 045i:fiH7, ScO 2 )gci)llf^,l7i50^ 
® 1 # I* . TlE<D*2 5J!&Z**2 6lcm*ffl , JViiZ. if fir . C <D * )t 0 tt , ^ > JH 
fi<9l6}^I<5K^^IISiStff)ff^?i:J; 'i - 2" -+4° & ft Iff -3 < C Y 

[01 77] 
[* 2 5 ] 



mScD H/A =0. 01 -0. 055 (Dt.cZ 





LiTa0 3 <D*O-£l 




0. 1-0. 15 


(0±3, 110.5-148,0 + 3) 


(0±3, 116-143,0 + 3) 


0. 15-0. 2 


(0± 3, 108- 147. 5, 0±3) 


(0±3, 115-141. 5, 0±3) 


0.2-0.3 


(0± 3, 1 05- 1 48,0 + 3) 


(0±3, 111-139, 0±3) 


0.3-0.35 


(0±3, 104.5-148, 0±3) 


(0±3, 111-139, 0±3) 


0.35-0.4 


(0±3, 104-145, 0±3) 


(0±3, 110-138. 5, 0±3) 



[01 78] 

[ * 2 6 ] 30 



H/A =0.016-0. 045 (0 t g 





LiTaO, <T)tii-fa 




0. 1-0. 15 


(0 + 3,1 1 3- 144,0 + 3) (0 + 3,11 8-140,0 + 3) 


0. 15-0. 2 


(0 + 3, 111-144,0 + 3) 


(0 + 3, 117-139.5,0 + 3) 


0.2-0.3 


(0 + 3, 108-144,0 + 3) 


(0 + 3, 113-139,0 + 3) 


0. 3-0. 35 


(0±3, 107. 5-143, 0 + 3) 


(0±3, 112.5-137,0 + 3) 


0.35-0.4 


(0 + 3, 107- 1 40.5, 0 + 3) 


(0 + 3, 112-135.5,0 + 3) 



40 

[01 7 ? ] 

TSfit, *Z5SZ**Z6»i5WiJ»SJ:7C, 9 y 9 )l & <) Z Z m& 9 M B H / L W 
, 0. 01-0. 0 5 5 <D j# £ , lISSfiSttTCFt± 2 0 P P tn/t<5ElW >; t 

u^icainiiiii:, Si.o 2 Bio>&t&tt]iJ?'c0. 1-0. 4<58iHtsft, 

LtTcx0 3 C9^/f7-iiu3VitI(9tS> 104° -148° <9li, t5ftt, LUlsft 
?14" - 58° QSI, i'JftH 8 iOj ®I)IHS/li:»l)7*Z 

[01 80] 

|S]*C,*2 6#iigm#B«fc'yc. ^>9/I.K#iiSZ«ffi®a«^ffiStffO. 016 
-0. 0 4 5 ? 9) , J5 & & £ It HttTCFtiJItJfettC, 8 i O z I^ISH S/ 50 
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ItO. 1-0. 4<5K1H^«^CB:, LiTa0 3 i«<5^O-fiB10T'~ 
144° <7>icH*tfttf<fc<- i'Jfttb <tt8 i 0 2 IC)I)IHS/lCiL!7$2 6 

[01 81] 

L i Tol0 3 Q^-f^-ft^icHtt - * R 5£ R # 0 . 0 5f T<i)iitlf lfet<57* 
I . £ fe , *Z5JJ&*Z6CSitU i To.O s iP^O-fiiPJiUfiSLlieiH:. 
S It £ M 0 . 0 Z 5fTCfi£Ufet<D?ft7. £ fe < ?>5'^2*iitiZ«ffiffi0SiS 
it » * 0 . 012, 0. 01 5 - 0. 042 - 0. 0 5 3 Z S^? 8 i 0 2 1^1 

0 7 0-07 3C^t*>*^#^£HffiH0$*& 
^«»»>;l*»UT3Kd))T, *25£^*26<Z>S i 0 2 BlQliJfHS/X^^^^-ft 10 

<9 a. t * dD t i ) i . 

[01 82] 

*5gEC«Z3*fc*ffl£iS!0«)!fclUl»U70:. iSYtXfeiL i Ta.0 3 £ tt ± C * 

fill- u#Z«SS5£Sat/J\?< U^ZicHQUJfQS i 0 z ItKIt Z c 

UU. Cftt, 074£&'07 5t#8SU7§£Bflt2. I14tt, * 4 =j - % (0° , 1 

26° , 0° ) ©IfiYfiXfilL i TolOj tfilC, ?>?Jl#^£2IDT£^S 

s / x y - aastt&nHioSftvoiiistmt. * fe . n 5u, rab^^-s^L 

1 Tol0 3 SKIC, jH*0ffiJP0*>*^#ii«Z I D T t » 55? U . "tQlCMTft 20 

2 S i 0 2 iQllS^bBDft^^^itfe^^Ql^^tt^ffl^^SM^^^bt^to 07 
4*07 5tit$$TftttBfli;#£d;?ii: 1 ^f^oBBtlHb^-ttfcJifcOfitlf, Sl 

- S i 0 2 m<DMm\Z^tLt . fl & R SI B . <Tfcil?:V#IH <, fl^Hf, 1/ - 

- X y f y 7 IP 4 t y X y f y 7 2 y C * 'J * > * ^ ft V, 2 S I DTtPSJ?Ufe*C«i£ 

[01 83] 

£ ft - *f!Bfltt- ± SB <D J; 7 C , 14° - 58° BftYSXfi», (0' , 

104° -148° , 0° ) <5L t Tft.0 3 S^ZJilM, H / X = 0 . 004-0 

. 0 5 ^^JiH^^^ni I DT^, HS/1 = 0. 10-0. 407^8 lO 30 

RCRirtlSll. tSht, * fS afl I* - 11 5 C * U fe 3 * 1 » H 1 fe it 7 S < - ± 

lE*#t»fetRRU - « h a s tt * m % « * * si * & 7 -r i>*cist?:^ 

[01 84] 

S ft , ^>r=7-ft©0#WfSc?)ft)S»i7-2* -+4° ^HJC^JiJ. C<5f tLft* 
ffil B§ Sffl « IC 3y i-t Z§+#ftm#"S«<9£ffllU£lltF^Ufet<9# ^s+#?ftfe£<9"-?& 

£ fe > » it <D BR . ^0-i9<* ^aO' »>4±3° (*^o<^ - 4f ft 0 ° <9 t <9 V 
15 15 40 

[01 85] 

01 5 CfvbfeSttSlii^f t , 0° - 7 9° 0 te Y « X M - ^7-^(0* , 

90° -1 69° , 0° ) oLiTa.OsSfifl'sszffWSS*. h/x = o. 005 

-0. 0 5 4 "f(f)I£l$ 1 ); l J5nDTtffll]7«SLfe. ^©tt^AttlKljSUfelSflSfll 
[01 86] 

ft ft « R K s w flf * 3= < - #-5fil»li*»f;J\ri)»il!t*ll3fiRtt«l«tIt?Vt)f?^ 

3 . C ft t - W. T <9 £ ft ftl 5 H fll C £ -y 3= % Bfl t 3 . 50 
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[01 87] 

0 7 6 ^&07 7tt, ^'f (0" , 125°, 0 ' ) V , (0°, 140°, 0° 

) <9&L i TglOs S * ± IU , S*0KJP0£l£»'4SZ I D T Y s W H <D B W <D 8 i 0 

[01 88] 

B76J»^^#SJ:)i:. 5 = 125° ? tt . 8 i 0? <9li H S / A. * 0 . 1 ~ 0 . 
^-Oflotl^^'JaZlffiOfcfcttKJSH/XflrO. 0 0 5- 0. 0 BUllCflll?, 
)Istl»*7llU^t)»J. <ft £ , H7 7»«»IB«5»SJ;7C, 0=140° ? tt , 
£l£»iiSZ«tl0$t&ttil!tSH/XtfO. 005-0. 0 6©icH-?tt, S t 0 2 H <9 

iSHs/i9fcflcSfii;f, »stR**f <So7ii?:^fi»z. 10 

[01 8 9] 

T S t . T C F © IE *t m t /J\ ? < U - SlSSMSISt I, #o»«f Rt;J\ 
? < T 3 IU , L i Tgl0 3 llS<!)<f>f7-ft, S i 0 2 Il9Jf^jBL&ftl4»iJ5Ha 

[01 90] 

07 8-08 3 1*, S i 0 2 H0«ttfcK»HS/Xfi&f£]£#i7«Z«ttffi<5«ftttlit 
JSH/Xt£tt?-t!:fciie<?K -f 7 - ft o> 0 ( Js ) fcHM&fcOlSStaiT. 

[01 91] 

E7 8~E8 8#»*flfm#8 < fc"yic. tj^#«jaz*ffi©aft^ffiJSH/x«fO. 005 

-0. 0 5 4 0' -1 69° QKin^^MHllC^tolH. $ 20 

fc,£]$#i»iSZ«ffi<9«t&ttliJSH/Xtf0. 0 1- 0. 0 4 £ Z> 0 . 0 13-0. 0 

8 8 C ft I ) T I* , SiO 2 ii0il)fHS/X^ 1 *J8S0fc0H*tt.J<lt5£Rait'6T 
t-tt?t?Vt**t?V, Ta5<P*2 7£&f*2 8C;5*T» , ;*«Z. £ 2 7 /£ 
&f*2 8lC^LtI r L i TolO 3 sj^-f 7-lJ <Z> E H tt , M * 5£ ft # 0 . 0 5 ci B / X 
WTS>eHt*£Ufcfc<?>-?9>3. £ £ - $27l&'S28i:fjitUtTa0 3 9^^ 
7 - ft <9 r j; i; ft * b U J icHtt - * * £ R 0 . 0 ZBdB/XJHT©iSHt**Ufe 

t <0 ? »> Z . £ ft, C Q * 7§ 0 , fi£*ffi9*ffi^'g<?>l#lJo? :J * > lfifi*tt<0l#l>-3 

f C J; 'J - 2 ' - + 4° IItt^<C«l)J. 
[01 92] 

* , Q> BR , tf^-S^tf^tfKO* »^ + 3' W >4 D < # , M 0 ° 9 £ 9 * 30 

[01 93] 
[* Z 7 ] 

S^H/A =0.01 -0.04(72 



SiO z l¥(Hs/A) 


^-1" y-fi 


J;04fi t-L^-f y-A 


0. 1 < Hs/A<0. 15 


(0±3° ,90° -169° ,0±3° ) 


(0 + 3° . 105° -153° ,0 + 3° ) 


0.15^ Hs/A <0. 2 


(0±3° ,90° -167° .0 + 3° ) 


(0 + 3° , 105° -152° ,0±3° ) 


0. 20^ Hs/A <0. 25 


(0±3° , 90° -lfi7° ,0±3° ) 


(0±3° , 107° -152° ,0 + 3° ) 


0.25^ Hs/A<0.3 


(0±3° ,90° -164° ,0±3° ) 


(0±3° , 104° -151° ,0±3° ) 


0.3 ^ Hs/A<0.4 


(0±3° ,90° -163° ,0±3° ) 


(0±3 C , 105° -150° , 0±3° ) 



40 



[01 94] 
[£28] 
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6&H/A =0.01 3-0.033 <Dt% 



SiO,)¥(Hs/A) 






0. 1 2 Hs/A<0. 15 


(0 + 3° , 106° -155° ,0 + 3° ) 


(0 + 3° ,116° -147.5° ,0 + 3° ) 


0. 152 Hs/A <0. 2 


(0 + 3° , 104° -155° ,0 + 3° ) 


(0 + 3° ,113.5° -150° ,0 + 3° ) 


0.202 Hs/A <0. 25 


(0±3° , 102° -155° ,0±3° ) 


(0±3° , 111.5° -150° ,0±3° ) 


0.252 Hs/A<0.3 


(0 + 3° , 102° -154° ,0 + 3° ) 


(0 + 3° , 112° -146° ,0 + 3° ) 


0.3 = Hs/A<0.1 


(0 + 3° , 102° -153° ,0 + 3° ) 


(0 + 3° , 110° -144.5° ,0 + 3° ) 



[01 95] 

tSfit, *27i5^S28»^B^»5J;?i:, Z mfao) M B H / I W s 0 10 

. 0 1- 0. M}&%X>&&n T C F ^ ± 2. 0 P P m / °C <D & Y # J £ J 

CiSltliiDC, 8 i 0? !<5liHS/XtO. 1-0. 4«)ilUiSft, L i 
Ta.Os®#'f' : 7-ftC# l tZ0tt. 9 0° -1 6 9° 9il> tSftt, [□] ft 7 0 ° 
-7 9° ®eHt3SRtit(*J:UC^«fft#7. 
[01 96] 

|B| # C , *27#^B^i^#^j;p|c, fiig|»iiSZ«tt<5a*^IIJS#0. 0 1- 0. 

0 47ft 1 ), )I^I!!)gIJfftTCFt + 2 0PPrti/C<5icin^IJ;?CSitIfe 
iHC, 8 i O? I<5S5HS/Xt 0. 1-0. LfeHftCIJ. L (. T a. 0 3 

taojf-f o" -16 9° ©eivttitt'j; < . * » * u < a s i o 2 

[01 97] 

H«c,fian#»j5!Z«ffi0«t&<bii!JStfo. 013-0. on?*'], sitsii 

!ftttTCFt+2 0 P Pm/ttiiii'xeiJ; jcaitZfeiDC, S 1 0 2 fflt <P fflt » H 
S/ltO. 1-0. 40KH*l.fcJ»aCB:. L i Tol0 3 IS® - I <9 9 li , 

1 02° -1 50° <D&m')< t tltX & < > <J # £ U < , St0 2 Blc7)BlliHS/XIC; 
J& l> 7 * 2 8^,f=-fttStRttll£J;l)CX;tfr:b#3. 

[01 98] 

£;fe,£]$#i;$iZ'tffiffit<?>*t&ttffi"ftfO. 0 1 3-0. 0 3 37»*>Z*fc<98iC>2 
lOlS^^-SOlStt, 07 8-08 8cm?££#i;tt3'lftII®ttttttIlJ'f 
^ijftllUTjKW^t®?*) 1 ;, ^ftCct^T, *27JSL&f*Z89StO z Bt<5ffltJfH 30 

[01 99] 

*!BGClR3Stt*IinfciSt®Ki&ICf*U7tt. BftYSXfiDllL L T a O s S * ± C tl 
f tiffi^VtZf I DTtilbfeft, <?ttl C ft I) 7 S t fill 

, U#3*SKS^»at/J\r< U#ZicH9fIJfHS/A9S t O 2 BttJffBttZU^flf 
Mi Ul. C tl t , H84&5fH8 6t*B!UTltt"fltZ. 184tt, * 4" 7 - ft (0° 
, 126°, 0' ) QllTSXfelL i Ta.0 3 t«J:C, l^I#H/l<9fil» 
>> « 3 I DTfi&l^(5llSHS/Ai98 i O 2 I t IfJi L t*^9lillft* lilff) § 

ft 0 3Hb t m * . * . Ei8 5tt, rai)2f-{7-s?>LiTo.08 *fi±c. i^eiis 

H/A,<9£l£$<4S3 I D Tt if U ^Id . *t <9 ± C M 7 41 Z S i O 2 B <& £ ft It 40 
JfHS/Xt*fc*ttfe»aG>«ft»tt*ffl»0Sft0*tttStt. 184^18 5 t it 
Rttll*^>;»S«fe"?C, fi£9ffi"ft$<b7tt£*&£<<>7j;&^ Si0 2 H<Z>II"ft£ib 
7- it ^ J# J; ') t 8E*lli£<?>Sftt?>$fbfftt 3 » c£ r I) . tfto 7 . S i 0 2 m<DMft 
C * It f . S ifi S II B # . fifiTlIC^^Si b < , 0J Jt I* . l/-t-lyf >7*U 

U I) . 

[ 0 2 0 0 ] 

S ft , * fg BE ft , ± IE Q J: "? C , 0° - 7 9° 0 IS Y * X flft , ^ O-i? (0° , 9 
0°-169°, 0' ) <5L i Tol0 3 H/1 = 0. 005-0. 0 

5 47J)Jtlf ^'JSJ I DT);, HS/A. = 0. 1 0-0. 407*18 i 0 2 50 
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? ft S U . tSfct. * 56 Bfl tt - H1CmUfe»tt*II»aaJSit?S<. ± IE * # t » 

T R V , *-«f«»tt*II*tt« ; 3-*»tt*IItt7^^**C31fflt?U^*?* ! 3. 
[0201] 

(Zy^i^^t l J7 , 7>tlfifirnb7fflUfeSH^J) 

0 1 5C^Ufe»tt*H»IIIt*SKUfe. iffiflSn7:y^l^fettt l J7f>t 
Jfl I ) . * £ > J± °€ tt S *1 >: U T , 14° -50° BKYfiXfil. << =7 - B ? ( 0 ' 

, 1 04° -140° , 0° ) 9L i TolOs SStfflUt. ^<9#<9*tt|n|*?i?)3. 
[0202] 

1 D T 2 3 ol , Z8fc£&f£*WaB2 5a.. 25 ttt, §1^8 7 0 0-1 0300k?-- 10 
m 3 , r y 7 * # 1 . 8X1 0 1 1 - 4X1 0 1 1 N / m 2 £ $ M S 3i 3 1 70-3 

Z <} 0 M / W -? J ± M C £ <) feffi T tl -7 l\ J . C(?J;?5IIH7B;, Z y ^ * E 

[ 0 2 0 3 ] 

IDT23ol, 23iQS&it]i!fH/A.(HttIDTQJf^« A.ttfjBJS&lfcCfiitZ 
iJStf t) 13:0. 008-0. 06<Z)iGi]>:?JlTl)3 o 

* S M -? ± iE Q ? II? , 14° - 50° iliYtXfil, (0' . 1 0 
4° -140°, 0' ) 9L i Td0 3 #^51J±ltfi2 2^, H/X= 0. 008- 
0. O6-?fc , J.±!2!»£0£B < fc , J8ZIDT23oL. 23fcV,HS/X = 0. 10 
-0. 40<DKlC5iI8iO z «24^tfflll7llZfedi), HitSSfiSSTC F#± 20 

2 0 P P rr\ / °C <D m® Pi Y % J £ J \Z i\\ t < 3" ft T ft 'J . °«tttS«lBft*&Ks a w # * 

* < , ^e«}i*#/ji?ii8ft«isiits«t^^?n. c ft t . t ® a 

* ft] 5 55 it 0J IC S -* 3= sft be t 3 . 
[ 0 2 0 4 ] 

E86fi&»EI87l*, (0* , 120°, 0" ) h (0°, 140°, 0° 

) <9#L i TolOj SaiC, *I^<Z>BI"f<3>NL#^£3IDT*> «^QlffHS/X 

0 s i o 2 «>:t^j«ufeJid9««'£«tmtfa?J)Z. 

[ 0 2 0 5 ] 

E8 6#i5Ei5#$iJ;-yrc, 0 = 1 H* ?8, 8 t 0 E 9ISHS/XW0. 1-0. 
4 0 # o N i <fc U 5 3 * ffi 9 « IS \t M Jf H / X » 0 . 0 0 8-0. OB^icHlUfrUT, 30 
X X * & # yJ\ * U C V # fc> # 1 . it! 15 . fa87#>7Wij»4S < fc?C. 0=140° ? tt . 
N i » ^^lfi<i)^ftltif H/^ffO. 008-0. 0 8 <9 Se H ? IS , 5iO?i(5 

[ 0 2 0 6 ] 

1 8 8^&'il 8 ? IS, ^O-ft (0" , 120°, 0 ° ) * ( 0 ° , 140°, 0°) 
<9&L i TaO 3 S S ± C , ffl^cz){gJf(7)Mo»^SZ I DTV, S^OBt/fHS/A.® 

[ 0 2 0 7 ] 

fa8 8#^rflii#sj:?c, 5 = 1 2 0 ° ~? & , 8 i O z UlIH S/1#0. 1-0. 

4o^^Moj; i ;^z°iffi(5'mis^aiJfH/i»o. 008-0. os^icaiu^uT, 40 
aajs#/un:v#6#?. fl6 * - m 8 9 # m ^ » a j; ? c . 0 = 1 4 0 0 ? a . 

MoflSSZ'ltlQfcttttli'fH/A.ffO. 00 8-0. 0 8<i)il?K, 8 1 0 2 i<5 

iiHs/i9jDfli:ift^r, aats#*f < aoTiiz::*#*>#z. 

[ 0 2 0 8 ] 
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[056] t 4 ^ -ft (0° . 0 . 0° ) ULiTa-Oj iSIC, **^KJfH/X# 
0. 1W.T9*SCul«tfl?fi)?U.*tt^KJfHS/A.»0. 4 98 i O z lt«lb^ 
* £ © , M £ £ S a <D £ it t ;3 t El . 

[057] ^ 7 - ft (0° . 0, 0° ) 9L i TaO s ifilC, fcftttBIJSH/Xflf 
0. 1WT<9*aCul»tMU.«ftttIiJfHS/X#0. 45<i)3i0 2 it«Sb 

£ m £ <9 . »H£SoK9f ^ttfvta. 

[05 8] SiO 2 K<i>&t&<bflilf#0. 029^HAI»^JIS1&C«#^ 
2 °€ C ft it 3 * S il 1 * ^ ®S»*V«ffiMJ?V©l«tmtE. 

[05 ?] SSSStfO tU < tt ft /J\ >: £ 3 (9 m i h tSJStZfe(!i)<Z)8 i 0 z IS <9 $ *& 10 
ftHJlHS/X*, CuK0**ttKffH/X*0H*tSi*H. 

[060] t 4 7 - ft (0° . 1 20° . 0° ) 0LLTa.OgS«±C. ft * S if J* © 
S l 02 m&Uft* t y 7 *t yft*> #1 I D T t F^' U £ II & IU ft i? 3 M f? £ 

[061] X 4 7 - ft (0° . 140° . 0° ) <?)L i TolO s SSlIC, * * S Jf # S> 
S l 0 2 ifi^lUifr^>7l7>H5J I DT^IS!iUfe«ili:3i^n)lifiS 
15 a 9 £ lb t ;Tv T 0 . 

[062] ^ 7 - ft (0° . 0, 0° ) 9LiTOLO s SfilC, *«SJ»*9*>7 

zj^^'jsztffiitr^i, 7->*cat°ntiiJSHs/x = o. 1 i o 2 itif 

U £ $ I? ffl & t IC ft i? 3 0 * , *>7Xx>J; l JSZ , *aili0««ttJ , l*H/XV. 20 

[063] >f 7 - S (0° . 5, 0° ) 5)L i TaOj SSlC, **SJP«*®*>7 
ZT^USI^MtFScU, ?»*IC«*HtlIJPHS/X = 0. 293 i 0 2 lt»f)! 
U £ ® 3? ffl & 1$ 1 IC ft ^ 3 5 V , * > 7 3. t y J; U SZlfiUKDfcfcttJffrH/XV. 
Mal&a ^ 9 M « t m T El . 

[064] t 4 7 - ft (0° . 5, 0° ) 9LiTa0 8 ISH:. tt*SJS*0*>7 
XT>«fe , ;*?*ttlit^JjJ?U, ?HIC$&ttliJfHS/A = 0. S Q 8 t O 2 fflt t 
U £ ®tt S ffl It ffi C ft ^ 3 0 * . * > 7 7. t > <£ U BZ1fiffll<?>*t&ttJf*H/XV, 

[065] ^ 7 - ft (0° . 9 , 0° ) 9LiTCLOs**lC, «*$SJ*fr<9*>7 30 

xx>j; | j^i«sistff^u, ?i;c&$&ttia/PHs/x = o. 493 i o? 

U £ ®tt * ffl If t IU ft ^ 3 0 * . ? > 7 X t > <fc 'J SZ1Sfflt<9«t&ttJffrH/XV, 
M f? ± » a V 9 H ft t m t m . 
[066] (0° . 1 26° . 0° ) 9L t TaO s ttlC^>7ZT># 

^971 DTtlfKl, T^IUS t 0 Z ItiKl^I^ii)^; 1 XT>BI<9BtJi*, S 
1 0 2 I<5lf^, SftV^lSt^tE. 

[067] X 4 7 -ft (0° . 1 26° , 0° ) Q) L i T a, O 3 S ^ ± C 9 > 7 X t > # 
DTtiPSib, t ^C8 t O z Iti)i!ibfcl^<95 >7X7>i<5llV, S 
l O 2 H © H Jf V - SSHlfttStH. 

[068] # >f 7 - B (0° . 1 20° , 0° ) 9L i To.O s SfilC, ^ H K W H Q 40 
S i 0 2 IjS&i^SSMD^^^^S? I DTtBflfL^tlCJjitlilgiia 
9 £ ft t ;T\ T 0 . 

[06?] t 4 7 - ft (0° . 140° , 0° ) 9L iToiOs tSIC, * * S Jf * <9 

s i o 2 mjkzsm%#mfro)9y9)\,ftv>#j i DTtMLfetftcjjitzasssa 

9 f ft t t 1 . 

[07O]^4'7-ft(O°. 6 , 0' ) UL iTo-Oj *UIM5>>> 
iU'iSZlfiltififl, ?^i::MftliJfHS/X = 0. 1f)8i02itMbi 

[07 1] # >f 7 - B (0° . 0 , 0° ) QLiTo-Oj tfilC, **«Jffr<Z>*>$" 50 
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a, £ { ) #jmamsM&{, , r ^cstsitif hs/x = o. 2 9 s t 0 2 is t m u 
a ); 9 1 1 1 f\ T El . 

[17 2] <fO-S (0' . 0 , 0" ) iTa.0 8 ISlC, «UIM5>>> 

^ <fc 'J £ Z * ffi §1 t ff^ U , ?^!Cmt§ftfinHS/X = 0. 3<58 i 0? ItiSJlfe 

[173] (0' , 0, 0" ) 5)LiTdOi*SlC, *18l*9>>> 

® s ra & n 1 c # z 0 * , -?>-7^j; i >is^*aiiQffii&^jf^H/i^, sats 10 

a V (9 1 # t t El . 

[074] t 4 7 - ft (0° . 1 26° . 0° ) ©Li TaO 8 SfiJiC ^ > H# ^ 5 

? i d t t mm u , ^ 9 ± iu s i o 2 si t ffm' u ^ « 3i c ^ z , * y * h <o & & ft in 

V, Si0 2 9$*&ftli!S*, Ift^SfttStH. 

[075] # >C 7 - ft (0° . 1 26° . 0° ) <9b i TaO s itii:^^^^ 
1 I DTtfMr+lTft 1 ;, 9 ± IC S i O 2 K * ft *ft C ft if Z , * > * ^ <5 

a « ft is n y . si.o 2 9$$ftai!?*, § « * 9 p*i « t * ? 0 . 

[076] ^ 7 - ft (0° . 1 25° , 0° ) 9L i TolOj SfilC, 
S i O 2 mJlZ/m%#JWfrO)&£ftv>%l I DTtF?fbfeiiii:^ i) IlStlaOf 

ft t m t m . 20 

[077] t 4 7 -ft (0° . 140° , 0° ) t To-Os StlC, « ^ £ JI 9 

8 i O z m&Z/tii*#Bh-G)to&#*%l I DTtl5!iLfe«iii:3ii)IMatHa0f 
ft t t 0 . 

[078] ^O-i (0° . 0, 0° ) ^LiTaOjtili:, «*£Jf^9ft£J; 

'jsztiitffjfuu, r^icm&ftiSJfHs/x = o. i 9 8 i o 2 ! t f*j$ u £ ® 
*ffltt»arc*ifitiev, 6££'j£3Mfli9€«ftj?frH/x*, msj^qhi 

[07?] ^ 7 - ft (0° . 0, 0° ) i TaO s SfiJiC, tt*2JP*<?>£]£<fc 

'JSIltiHtMU, ^C$*&ft]SJ¥HS/X = 0. 1 5(93 i 0? Itf^bfe® 

* H M H 1 iu ft ^ 3 0 * , fi^cfc'JSZMi^MftJf^H/x*, KSiSaH 30 
i stfvtta. 

[180] ^7-^ (0' , 0, 0' ) t TaOj SfilC, «UfJf(5fitJ; 

'JSHfiitlfStb, tmc**SftKJfHS/A.= 0. 2<P8iOj«t»JKUfe»tt 

[081] >f 7 - 8 (0° . 0, 0° ) (?L i TaOj SfiJiC, **ttJ»«*®tl£J; 

ttSllSIiCS^ 10);, J; 'J e I MB^m&ftJf *H/ X * , Mf?«aV9 

[082] # >f 7 - 8 (0° . 0, 0° ) (JLiTaOi ttlC, **«Jf*<5£]£J; 40 
'JSZKIItMU, 1-^C$t&ftflIJfHS/X = 0. 3(5 8 i 0 2 ItifJibfeStt 

s ra & n t ic ft z 0 * , fi^i'j 5Hii9Sisitf ^h/^!, m s £ is a * 9 s 

[083] <f 7 - S (0° . 0, 0° ) OL i TolOj tSJiC. **«Jffr<0£l£J: 
MSIIffilttJRSKU, r>4IU^ISftffiJfHS/X = 0. 498 10? ItlJKbfeSStt 
IliSIICJjitie^, fe^'JS^lffil^SftJffrH/XV, XXtKaHl 

[084] ^ 7 - ft (0° . 1 26° , 0° ) ?»L iTo.Ojl*lCfii#^S? I 
DTtiSStb , HC8 i O 2 ffit^fl?U*:Jid®tl4ffi®ffiJS^, S L 0 2 IS 9 H If Y 
, f»^<9l«t^tEa. 50 
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ft 
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IC 
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( 0 * . 
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9 L i TaO 8 S =fi ± C , II ^ £ H * 9 


8 i 0 2 M&Vt&H 






y 7" ^ » ij 


e 


Z I 


DTtP3«Ufe»ftCfiit Z a K £ ft a 


9 £ lb t zfv t El . 
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ft 


CO'. 


14 0°. 
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' ) 


9 L L T a. 0 3 S W> ± IC . H ^ £ If 9 


S i 0 2 M Jk Z/ II * 
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Z I 


DTt»J*Ufe*ftCfiit Z M ft £ ft a 


© & -lb t 7f\ t 0 . 














[ 0 8 8 ] # <f =7 - 


ft 
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9 L i TclO s S^±IC> It ^ £ If * 9 


S L 0 2 Bi 5 Z* II % 




If 9 t 
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I D T t ff^Jft U £ 1* & C ft Z a ft £ ft 


a <5 Hb f fv 1 1 . 














[08?] * >r =7 - 


ft 


( 0 ° . 


14 0°, 
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* ) 


9 L i Ta.0, S * ± C , It * 5 JV * 9 


S i 0 2 H £ Z* II * 


4S 


If 9 t 


'J7?># 


•J 




I DTtiS)iL^tjlCJiinaS£l! 


a 9 £ it t m t 0 . 














[ 0 ? o ] # -< 7 - 


ft 


( 0 ° . 


5,0°) 


9 L i 


TolO|*S1C, ttUS^Qlvir 



;i ^ ') # z * ffi Bi t ^ u , ?>*ic-«t&<biiiJSHs/;i = o. i <58 i o 2 ffitiuife 

[0? 1] ^fO-fi (0° . 0, 0° ) QLtTa-OslfilC, SUIfriJlyy 20 
A> <fc ') £ Z & Bi f ff^ U , ?HIC«;|&lt§MJ?HS/X = 0. 2<58 i 0 Z ItF^lfe 

»*t*iiieitsc»it?0v, z v * ^ j; <j « z m ffi rs © $ is if * h / x * . a n s ft 

[@? 2] ^O-S (0" . 9 , 0' ) 5)LtTCL0jlfilC, IUIJf©:yi7 
lU'iS^lffiltf^b, ?i*IC*t&ltlSJfHS/X = 0. 3 98 i 0 Z ItlKlfe 
»*fc*l!tt«ac-ftit"J0*2, Zy7^,£USZ f lffillg9&f&lbJ?*H/X*, « * !£ ft 
a ^<9lltStl. 

[093] ^ 7 - ft (0° . 0, 0° ) i TaO s SfiJiC, lt^£lf*9Zy7 

<fc ') £ Z °€ tt Bi t U , ?^IC«&lbBIJfHS/X = 0. 4 98 i 0 ; ItBffibfe 
m tt * ffl SI 1 IU ft it Z 9 Y , Z y 7 ^ J; <) 5 3 * ffi BE 9 * IS lb If ft H / X * . SStS 30 
a HlltStl. 

[0?4]^7-ft(O°. 0, 0' ) 9L i TclOj tSIC, iUI*<!)t 'J7 
T^^'JSZMBitff^U, ?i*IC*t&ftlIJPHS/X = 0. 1 9 S 1 0 2 K t » fit U 

£ ® s ra $ it s c # Lt z 5 * , t u 7" t* > <fc m a z c a n 9 a *& ib if ft h / x v . a * 

t ft a V0flflflStS*tH. 

[095] ^^f7-ft (0° . 5, 0° ) ff)L i TaOj ItlC, II * S J? * <5 =E 'J 7' 
T*>J; l )aZ = «ffiBitff^U, r^lU«IS<blilfHS/X = 0. 2 98 i 0 2 ItMU 
*,Stt*IlMilScSifitZ0>:, t'J7 , 7'>J;'J«Z'*tttt<?>*ffrttJS*H/XV, Mi 
£ ft a V 9 1 II t /Tv t 0 . 

[096] t 4 =7 - ft (0° . 0, 0° ) (JLiTaOi ttlC, l»^5lf*9 : E l J7" 40 

r y £ { ) # j w&mt mm b , t v E&i&itmmH s / x = o . 39Sc02Bitr#53cu 
£m>&nm)&%iw.\z$i v j 9 y , t v r t y & <) # j mmm o) & & it m V- h / x y . Ms 

± ft a ^Qllt^tS. 
[097]zr^7-ft(O°. 9 , 0°)9LLToLO 3 S«±C,II^aif*9 : E l J7" 
7>J; SUttltlKU , T^lum^ltBMJfHS/X = 0. 498 i 0? ItlSKl 

^sttsiiiifiiiecsitzev. t i J7"T*>d; i )az = €ffiii9«isibn*H/xv, as 

^ ft a VQHftt^tH. 
[098] ^^7-ft (0° . 1 26° , 0° ) 5)LiTa,0jMli::y^^^ 
Z I DT^^ScT-IlT^ 1 ), 7-^IClft^Slf*9S L 0 2 I»iS!t?ft*.ie<i) I y 
Bl9Bllf^,Zy7^Bl9Bllf^ > &3$^9ll«t^t0. 50 
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[0??] t 4 =7 -ft (0° . 1 26° , 0° ) <5L i TolO 3 ttlC, tt 4 « M JP 9 
I y !t ^ # 5 3 I DTflfMtftTfrM, <D ± C 8 1 0 2 ll#»J5!tftTll»ftCft 

it ? , s i o 2 m q m m y , & * * 9 m # t * t 0 . 

[01 00] >f 7 - ft (0° . 1 26° , 0° ) <5L i TaO s It 1 C f U 77 > # 
I DT#M?tlTfrU, i to)±C«^SIiJfQS i 0 2 K »f » EE ? ft 

[01 01] <f =7 - S (0° . 1 26° , 0° ) QLiTOLOilSlCSUIlS 
t'J77^^J I DTt M U > r^C8iO E lt U fcfcft C 3i i) Z , 8 i 0 

[01 o ii Co.) ~ (c) tt , ii»i*ic)f ffliktizjaff)-in7(5iy f 
[01 0 3] ( a. ) ~ (oL) tt . naiiiHntt^g(?iQin7®iizA 

y*Sta&i*3TZfc*J)<PS-atiBfflBrlilH. 

[01 04] Co.) & Z* ( £ ) tt . «*ttI*lltYffltt*Z*ft0*i*C*®fltn** 
[01 05] ( ol ) ~ (c) I* , *E«ttI*ffltYffltttZ?*C«l<?)fi£t8lifltZfc 
[01 0 6] (a.) £ Z# ( i ) tt - * ?! Bfl )t ffl r tl Z ^ * ffl M 1 9 - $J * U T <9 1 

# - s s jui ^ £ ^ 2 rc - hw&iRitftmtJ tLVXD&miitiiYM®. 
[01 07] $safl»iffl?ti^se*iiinn7C)7y-S7 < iniBflrzfe 

[01 0 8] ^fga^*if)iffl^tl^^tt*ffliSgl^LT©7f7l7^^-?tsttB^-ri^ 
i»<9!|)iattTIIH. 

[01 o 9] c ol ) ~ ( oi ) » , «£*®»tt*ffl»aa®»&fift®-0jtmtfc<y)®« 

[0 1 1 0]fl£*©»tt*ll»KS©-'fflltlttifltZfeW©«S«lZIIIIrIIH. . 
[ ft * <9 M be ] 

1 L i T a. O 3 S 

2 B 1 

3 ^/XhA^-; 

4 ill 

4 A I DT1S 

5 i^m^mm^ 1 1 q t i m 

6 £ 2 IE * » 1 

1 1 ®>&%m)&#mi- 

12, 13 S « Si 

2 1 9 tt* DDI Hi 
22 L i Tol0 3 IS 
2 3 ol, 28 1) IDT 
2 5 S i O 2 m 
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